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THE ADMINISTRATION’S QUADRENNIAL 
ENERGY REVIEW 


TUESDAY, APRIL 28, 2015 

U.S. Senate, 

Committee on Energy and Natural Resources, 

Washington, DC. 

The Committee met, pursuant to notice, at 10:06 a.m. in room 
SD-366, Dirksen Senate Office Building, Hon. Lisa Murkowski, 
Chairman of the Committee, presiding. 

OPENING STATEMENT OF HON. LISA MURKOWSKI, U.S. 

SENATOR FROM ALASKA 

The Chairman. The hearing will now come to order. We are here 
this morning to review the first installment of the Quadrennial En- 
ergy Review. We call it the “QER” around here. 

We are pleased to have Secretary Moniz back before the Com- 
mittee. This is your second time so far this year. We greatly appre- 
ciate not only the public engagement but the time that I know you 
give each of us as you come to either discuss issues in our offices 
or through your frequent phone calls. I appreciate that engagement 
and that outreach. I think it is very helpful. 

Secretary Moniz oversaw the development of this report at the 
Department of Energy. Again, I think many of us have had an op- 
portunity to have a little bit of discussion on this report, but this 
morning is our opportunity as a Committee to review it. 

In the United States we take it for granted that when we flip a 
switch the lights turn on, that our devices charge up when we plug 
them into the wall, that when we pull off to the side of the road 
to fill up at a gas station when we are on a family trip that every- 
thing works. 

We live in a country that has abundant resources and innovative 
technologies that make our way of life and our standard of living 
the envy of many around the world. We should be proud of the tre- 
mendous progress that has been made but also recognize that noth- 
ing is guaranteed to stay this way. This is particularly true when 
it comes to our energy infrastructure which I think we will all ac- 
knowledge is facing serious challenges across the country right 
now. 

We regularly focus on opportunities to improve energy infrastruc- 
ture in this Committee. Already this year we have held hearings 
on innovation related to the electric grid, increased oil production, 
our opportunities in the Arctic and the importance of pipeline in- 
frastructure. I think today’s hearing is a good next step. 

The QER looks at our nation’s energy infrastructure at a critical 
time. Many of our systems are aging and in urgent need of mod- 
ernization. We have seen dramatic increases, of course, in energy 
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production. Oil and gas are at record levels. The market penetra- 
tion of variable power generation is on the rise, and the stress 
placed on our systems has increased faster than it can be ad- 
dressed. 

The QER makes a number of recommendations to alleviate these 
current deficiencies. In many cases the solution is new spending 
adding up to potentially billions of dollars, but I think it is impor- 
tant to note that the vast majority of the nation’s infrastructure is 
privately owned and sustained and improved by private invest- 
ment. 

At the same time, I understand that advancing our energy infra- 
structure will require some Federal funding even within our con- 
strained budgets, but Federal spending is not all that matters. So 
do regulations, particularly those that hold back projects and pri- 
vate investments. We have to keep that in mind as we seek to find 
a better balance. 

As I go out and talk to folks in Alaska, or really anywhere in the 
country, so many of the business interests when they are talking 
about infrastructure and where we are say “Oh, what we really 
need is some level of certainty. We want some level of certainty so 
that we can go ahead and make these substantial investments.” 

Now as we are here to discuss infrastructure today I do think 
that it is relevant to point out that the Keystone XL pipeline has 
now been delayed for over 2400 days. We have, in my state, a criti- 
cally important piece of infrastructure, the Trans Alaska pipeline 
system. It is something that I worry about and recognize that with- 
out ensuring that pipeline has the resources that it carries it is a 
piece of infrastructure that could face declining health and 
strength. 

It is one thing to write a report outlining our infrastructure chal- 
lenges but another to set out proactively to solve them every day. 
Any modernization of energy policy should, in my view, visit the de 
facto ban on oil exports that we have imposed over 40 years ago. 
I think the QER is too light in that regard. I was, however, pleased 
to see it recognize the unique issues that impact the Arctic and the 
valuable role the United States can play as the Chair of the Arctic 
Council. 

I was with Secretary Kerry on Friday as we were up in Iqaluit 
in Nunavut. Again, understanding our role as an Arctic nation 
there, I think, is key, and I appreciate the focus that has been 
given. 

We know that we have significant infrastructure challenges, and 
we know that we are going to have to work together to solve them. 
That goes for the members of this Committee as well as we work 
on a broad energy bill noting that infrastructure is one of our key 
titles within that bill. It also goes for Congress and the Administra- 
tion as well, working together here. We can use the QER as a ref- 
erence piece or a template to weigh ideas and discover potential so- 
lutions for our energy bill, and we have discussed that with the 
Secretary. 

Mr. Secretary, with you as the face and the focus behind the ef- 
fort, I do think we have an opportunity here to make considerable 
progress on infrastructure issues as we move forward with that. I 
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thank you again for your leadership and look forward to you out- 
lining the terms of the report this morning. 

With that, I will turn to Senator Cantwell. 

STATEMENT OF HON. MARIA CANTWELL, U.S. SENATOR FROM 

WASHINGTON 

Senator Cantwell. Thank you, Madam Chair, for holding this 
important hearing on transforming U.S. energy infrastructure. 

I thank Secretary Moniz for all that he does shuttling back and 
forth between Iran sanction discussions and the Quadrennial En- 
ergy Review — it must be a wide breadth of focus, so thank you very 
much. 

This hearing today is particularly important because infrastruc- 
ture is the link of all the components of our national energy sys- 
tem, and it is increasingly complex. It is interdependent, and it is 
certainly, as the report shows, in need of an upgrade. 

As we begin the legislative process of crafting what we hope be- 
comes a bipartisan energy bill, it is essential to have a good grasp 
of both the data and existing analysis of the infrastructure that 
supports these energy systems. The need for reliable and efficient 
supplies of energy is becoming closely intertwined with our eco- 
nomic growth and competitiveness. That is why it is even more im- 
portant that we understand the trends affecting the infrastructure 
deliveries of these commodities. 

For instance, there has been a surge in the amount of crude oil 
transported by rail in the last five years. In a five-year period 
starting in 2009, there was an increase of roughly 4,400 percent in 
the volume of rail shipments. This trend has had a number of im- 
plications. 

For example, crude oil now competes with other commodities 
more traditional transported by rail, which has caused delays in 
the delivery of crops and agricultural products to market. The re- 
port explicitly states that these recent, unexpected shifts in supply 
and demand for rail services have resulted in disruptions to agri- 
cultural shipments that “exceed even those caused by Hurricane 
Katrina.” 

The Department of Agriculture’s Agricultural Marketing Service 
concluded that, “the current rail service problems have exceeded 
previous events in terms of both magnitude and duration, including 
Hurricane Katrina, which caused major disruptions throughout the 
entire agricultural transportation network.” 

A number of high-profile incidents have also underscored major 
safety concerns and point to the need for us to revisit existing regu- 
latory structures. As the Quadrennial Energy Review notes, “these 
accidents have highlighted the need for additional monitoring, en- 
forcement, and inspection, as well as setting new safety design re- 
quirements for tank cars.” 

Back here, we have all the oil and rail industries pointing fingers 
at one another. Some are asking serious questions about the com- 
petence of certain regulatory agencies like PHMSA within the De- 
partment of Transportation. I want to submit an article for the 
record that was just written last week about PHMSA. 

[The information referred to follows:] 
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POLiTICO INVESTIGATION 

'Pipelines blow op and people die' 

After a series of deadly accidents. Congress created an office to oversee the 
nation’s oil and gas pipelines. A decade later, it’s become the can’t-do 
agency. 

By ELANA SCHOR and ANDREW RESTUCCIA 1 4/21/15 5:43 AM EOT I Updated 4/22/15 8:46 
AM EOT 



A massive fire roars through a mostly residential neighborhood following a natural gas pipeline 
rupture that killed eight people and injured more than 60 on Sept 9, 2010, in San Bruno, California, 
I AP Photo 


On June lO, i999r a few days after his high school graduation, Liam Wood 
unexpectedly got an afternoon off work and decided to go fly-fishing on a creek near 
his hometown of Bellingham, Washington. About lOO miles away, operators missed 
the signs of a pressure spike in the i6-inch gasoline pipeline that crossed the stream 
in Whatcom Falls Park. 


Ittp://wwv/.po!i|jco,ccm/story/2015'04/the-litlle-pjpe)ine-agency-thal-coult«-117147_lidi.«ml 
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The pipe ruptured at a point where, several years before, a 
backhoe had accidentally struck and weakened the so-year- 
old iron. Hundreds of thousands of gallons of gasoline began 
to spew into the creek near where Liam stood, staining the 
water pink. 

It took an hour for control room computers to register an 
alert. Police began to evacuate the park, but Liam was already dead. Overcome by 
fumes, the 18 -year-old had fallen unconscious into the water and drowned. 

Then two 10-year-old boys playing in the park flicked a lighter they'd been using to 
set off fireworks, igniting the gasoline. The fireball set dozens of acres ablaze in a 
towering black cloud that could be seen in Vancouver, more than so miles away. The 
two boys died the next day, succumbing to burns over more than 80 percent of their 
bodies. 

The ensuing public outrage revealed gaping holes in pipeline safety regulations. The 
pipeline company had failed — but clearly, so had federal authorities who were 
supposed to be keeping watch. At the time of the Bellingham disaster, pipeline 
operators were not required to inspect the inside of their pipes or install valves that 
would automatically shut after a rupture. Government auditors later found that the 
federal agency in charge of pipeline safety was a dismal failure at implementing more 
stringent regulations, in part because it deemed the rules "too costly for the pipeline 
industry compared with the expected benefits." 


Six months after the blast, the head of the National Transportation Safety Board, the 
independent agency investigating the Bellingham explosion, strode into a meeting of 
pipeline executives to unleash a brutal critique of the federal regulators and of the 
industry he believed shared the blame for obstructing reform, 

“There is nowhere today the sense that the Office of Pipeline Safety is in charge," Jim 
Hall said t hen, "or that its regulations, its inspections, its assets, its staffing and its 


ALSO ON POLITICO 

Obama proposes $3.5 billion gas pipeline overhaul 

ANDREW RESTUCCIA and ELANA SCHOR 





http://www.polittCD,CCTTi/stOTy/2015/CMhe-iitlle-[:apdin6-3gency-ttirt-couJdn^117147J^^ 
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spirit are adequate to the task.” 

Bellingham was supposed to change that. But more than 15 years later, Hall says he 
sees little evidence of meaningful improvements. "Unfortunately," he told POLITICO, 
"I think I would give the same speech today." 

The story of what happened in those 15 years — or rather, what didn’t happen — is in 
large part the story of the Pipeline and Hazardous Materials Safety Administration, 
an obscure agency that was created to oversee the nation's sprawling network of oil 
and gas pipelines. 

Oil and gas companies like to assure the public that pipelines are a safer way to ship 
their products than railroads or trucks. But government data makes clear there is 
hardly reason to celebrate. Last year, more than 700 pipeline failures killed 19 people, 
injured 97 and caused more than S300 million in damage. Two of the past five years 
have been the worst for combined pipeline-related deaths and injuries since 2000. 

To understand the failure revealed by these numbers, POLITICO talked to more than 
15 former and current federal pipeline officials and advisers, as well as dozens of 
safety experts, engineers and state regulators. We reviewed more than a decade of 
government data on fatalities, injuries, property damage, incident locations, 
inspections, damages and penalties. 

The picture that emerges is of an agency that lacks the manpower to inspect the 
nation’s 2.6 miliion miles of oil and gas lines, that grants the industry it regulates 
significant power to influence the rule-making process, and that has stubbornly 
failed to take a more aggressive regulatory role, even when ordered by Congress to do 
so. 


This is a particularly bad time for a front-line safety agency to take a backseat. 

The current boom in fossil fuel production has created intense pressure for massive 
new pipelines like Keystone XL. Many of the pipes already in the ground are more 
than half a century old. Tens of thousands of miles of pipeline go completely 
unregulated by federal officials, who have abandoned the increasingly high-pressure 
lines to the states. 


hflpJMww-(»litico.caTi/st(]ry/201S«>Mhe.!ittle-pipe!ine-agency-thatc«J(lnl-117147Jiil,hlmt 
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Meanwhile, fatal incidents continue; a gas explosion in Alabama killed one man in 
January, and PHMSA reported lo injuries in the three months it took to report this 
story. 

A senior Capitol Hill aide who has long tracked the agency, speaking on condition of 
anonymity, lamented PHMSA’s deeply rooted "culture of can't.” 

"PHMSA has always said, ‘We can't,'” the aide said. “‘We can't get it through [the 
White House budget office],' ‘We can’t get the money,' 'We can't get the resources,' 
‘We can’t submit what we really want,' 'We can't regulate this,' 'We can't get enough 
inspectors to do this.' ... PHMSA acts like it's been beaten down for decades. Every 
time you try to offer a hand up, it almost retreats.” 

**«« 

About a year after Bellingham came a natural gas explosion in New Mexico that 
killed 12 people. Members of Congress were rushing to make up for years of 
inattention, but the families of those killed in Bellingham didn't hesitate 
to criticize proposed laws they felt were "watered down by those who pay homage to 
the powerful oil and gas lobbyists,” 

One of those family members was Bruce Brabec, whose stepson was Liam Wood. 
Brabec would soon join a private watchdog group as a way to deal with his grief. “I 
didn't want to just be angry," said Brabec, whose short-cropped white beard gives him 
the look of a college professor. “I wanted to be effective. I wanted to help make 
changes." 

It was 2002 before Congress approved legislation that required companies to create 
risk-management analyses for pipelines that run through densely populated areas 
and perform more frequent inspections. That was enough to win the wary support of 
safety advocates. 

The creation of PHMSA, an arm of the Department of Transportation, didn’t come 
for another two years, the result of a bureaucratic reorganization more than a 
burning desire to bring pipeline companies to heel. Indeed, the new pipeline safety 
agency inherited many of its predecessor's flaws — weaknesses entrenched in part by 
a style that was “a lot more collaborative than traditional rule making," as one former 


http'y/www.polit!co,can/s{ofy/201S04/tfie-!tttle-pipeline-agency-that-ca.J*il-117l47_liil.Mml 
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safety official described it. 

PHMSA’s regulations tend to be "a bit open-ended" as opposed to "a prescriptive one- 
size-fits-all,” said Eben Wyman, a former Transportation Department official who is 
now a lobbyist representing the plastic pipe industry. 

The post-Bellingham reforms give operators latitude to write their own safety plans 
overseen by PHMSA, which makes it harder for regulators to catch violations. Safety 
advocates worry that approach is tantamount to self-regulation. But PHMSA and its 
defenders say that no two pipes are the same and that regulators couldn't monitor 
millions of miles of technically complex line without relying on the companies. 

A PHMSA official who declined to speak on the record with POLITICO compared the 
agency to a traffic cop. PHMSA, the official said, “is not responsible for individuals 
speeding," but it does have the “responsibility to enforce the law and pull them over 
to protect the public.” 

But the rules PHMSA enforces get shaped by the pipeline industry — as if lead-footed 
drivers helped to set highway speed limits. 

All rules made by the agency undergo “peer review" by two advisory committees, one 
for hazardous liquids and one for gas. By law, the rs-member committees — five 
each from industry, government and the public — have the power to vote on 
proposed regulations and policy moves. In theory, there is balance, but in practice, 
industry has an advantage. The committees’ current rosters are missing seven 
members in total on the government and public sides, making it difficult to stop a 
move backed by pipeline companies. (PHMSA told POLITICO that it is working on 
getting the rosters back in balance.) 

"With PHMSA, there’s only one wind, and it blows from the industry,” said Paul 
Blackburn, a consultant who works primarily with environmentalists and 
landowners. 

Advisory committee meetings are largely friendly affairs, a review of thousands of 
pages of transcripts shows, almost wholly devoid of resistance to industry-driven 
projects that craft voluntary standards for PHMSA. One high-profile standard that 
PHMSA and industry plan to tout at a hearing on April 22 covers “safety management 


lttp:/A(Vww.pofitico.aifTi/stQry(20ia0<Mhe-iitlle-pipelin&-agency-tha-coU(M-117147_WLt«n( 
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systems" that are modeled on practices used for decades in the nuclear and aviation 
industries. But they are voluntary, like so many of PHMSA's standards, 

“From the get-go, the regulations get watered down," said Randy Knepper, a top 
pipeline safety official in New Hampshire. "There's not a lot of teeth behind them.” 

PHMSA’s chief pipeline safety official, Jeffrey Wiese, acknowledged at a 2011 meeting 
of advisers that the agency has trouble determining "who really speaks for the 
public," dismissing "advocacy groups out there with a hard-bent agenda." 

“(Tjruth be told, very little (of the] public is even interested or knows" about 
pipelines, Wiese said. "It's the ones who were near a failure, and their view is 
skewed." 

Stacey Gerard, a 20-year PHMSA veteran who retired as its chief safety officer, said 
public members of the advisory committees "are not getting paid to do the research 
and reading" that might empower them to play a more vocal role, "Industry is going 
to be more dominant in the committee discussions because they're usually more 
prepared and better armed.” 

The most powerful counterweight to the pipeline industry’s sway over its regulators 
comes, not surprisingly, from Bellingham. Twelve years ago, former environmental 
educator Carl Weimer created the nonprofit Pipeline Safety Trust to keep an eye on 
pipeline companies and their regulators in Washington, The judge who awarded $4 
million in criminal penalties to the group likened it to "Bambi taking on Godzilla.” 

Bambihas learned how to roar in its own way over the years. Weimer sits on one of 
PHMSA's advisory panels and is a frequent witness at congressional pipeline 
hearings. He recalls sprinting to a Capitol Hill Starbucks in 2006 to sketch out 
legislative language at the request of the late Sen. Frank Lautenberg (D-N.J.) that 
ultimately made it into that year’s pipeline safety bill. 

But Weimer’s influence has not sparked the kind of formal resistance that might stop 
a weak regulation. During his eight years on a PHMSA advisory committee, he could 
not remember any formal opposition materializing to a proposed rule. A PHMSA 
official countered that "tussling” among advisers does happen but downplayed its 
importance, telling POLITICO that "we consider their input, but ate not bound by 


Mtp:/^vww.polifico-cofn/5tofv/2015/04flh&-iittl&-pipelir>e- agency* 
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their input." 

PHMSA’s longest-serving chief, Cynthia Quarterman, said in an interview with 
POLITICO that she was “concerned" about the advisory committee structure when 
she was appointed in 2009 by President Barack Obama. But Quarterman, a former 
industry lawyer who led the agency until October, came around to the concept 
"because, if you could get them to agree across the board that what they’re doing 
makes sense, it makes a better case going forward." 

<**«* 

Five years ago this week, the nation was riveted by the underwater blowout of HP's 
Deepwater Horizon oil rig. But mere days after that Gulf of Mexico gusher was 
capped, a pipeline in Marshall, Michigan — 40 years old and pumping 8.4 million 
gallons of heavy oil every day — broke open. 

The ruptured pipe leaked more than 840,000 gallons of oil sands crude into a creek 
that fed the Kalamazoo River, ultimately spreading for 35 miles. The operator, 
Canadian oil giant Enbridge, misread alarms in its control room and twice tried to 
pump more fuel through the broken line. Seventeen hours passed before oil was shut 
off for good. 

At the time, it was the largest onshore oil spill in U.S, history. But Marshall got scant 
attention in 2010 as the public and policymakers focused on the Gulf of Mexico. 

The Zinn family saw the Michigan disaster up close. The family’s land was a few 
hundred feet from the nearly 7 -foot gash in Enbridge's pipeline. Four decades earlier, 
the family's patriarch, Frank Zinn, had fought in vain to stop the 30-inch-diameter 
pipe from being laid across his property. He had been assured that a major spill was 
unlikely. 

After the spill, officials from Enbridge and the federal government transformed 45 
acres of the Zinns' land into the base of operations for the cleanup. Hundreds of trees 
were cut down and contaminated soil was piled high for removal. The family 
abandoned plans to plant a community vineyard. Dredging of the nearby river would 
drag on for more than two years. 


Wtp:/Avww.pditico.«rn/fit<)ry/2015rtM/frB-lilBfrp(peiine-g9ency-th*coU(«-117147JUI.hbnl 
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"At a bare minimum," said Carter Zinn, Frank's grandson, "if you're going to put a 
pipeline on people's land, then the government has to make sure it's safe.” 

An independent investigation later concluded that “weak federal regulations" were 
partly to blame for the spill. Tests on Enbridge's pipeline conducted five years earlier 
had shown warning signs of a future failure. But the company didn't act, in part 
because of vague PHMSA rules for when to report potential defects, the National 
Transportation Safety Board said. 

“For the regulator to delegate too much authority to the regulated to assess their own 
system risks and correct them is tantamount to the fox guarding the henhouse," 
Deborah Hersman, then the safety board's chairman, said of PHMSA, 

While Enhridge did not contest PHMSA's S3.7 million penalty, it has offered a lengthy 
rebuttal to some of the charges. "Enbridge believes that its pipeline integrity process 
and management in 2010 were state of the art and in compliance with all applicable 
regulatory requirements," the company said in a 2012 filing. 

Yet even as Ohama vowed to remake the nation's offshore drilling regulations after 
the Gulf of Mexico spill, a small band of PHMSA critics lamented that it was hard to 
trust a pipeline agency whose chief had to step aside from the response to the 
Marshall spill to avoid a conflict of interest. Cynthia Quarterman had served as 
outside counsel to Enbridge before she was named to lead PHMSA. 

Q.uarterman rejected the criticism. “To that, I would say, who cares what those folks 
are going to say?" she said, “You have to focus like a laser on safety.” 

But PHMSA tends to turn on the laser beam after the oil is already leaking. 

One of the agency's most powerful tools is a “corrective action order” that could shut 
down a pipeline until the operator addresses violations, PHMSA has used this tool 117 
times since 2002 — mostly after an incident has occurred. 

"The only time they're doing a lot of enforcement is after something hasn't 
performed. 1 think if something occurs, it's a failure," said Knepper, the New 
Hampshire pipeline regulator. 


tttp:/A«ww.polilico-CQni/storyy201ST>Mhe-titt)e-ppeJine-agency-tha(-caJ(M'U7147_Mi.r*iil 
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While federal spending on pipeline safety has grown by more than so percent since 
2010, at S145.5 million for 2015 the agency’s pipeline safety budget is still less than 
what the Pentagon spent on a single jet engine maintenance contract last year. 

To boost its inspection capacity, PHMSA doles out grants to states to monitor 
pipelines that don’t cross state lines. But even when state and federal rosters are 
combined, the total number of inspectors is about 460 — roughly one person for 
every 5,830 miles of pipeline. 

The federal pipeline safety budget for 2015 includes Sll .9 million for hiring 109 new 
employees largely for inspections and enforcement, but PHMSA officials expect it 
will take as many as three years to hire and train the new staffers. And the ones they 
do hire are unlikely to be as highly trained as the engineers that private companies 
lure away with six-figure salaries. 

Ed Ondak, a regional director for federal pipeline safety in the pre-PHMSA days, is 
now a consultant and frequent expert witness for pipeline companies. Ondak recalled 
in an interview that "I find violations within the first five minutes Tm there" on the 
job. "I say, ’Aren’t you inspected by PHMSA?’ They don’t find the violations.’’ 

Less than six weeks after the Enbridge spill, in September 2010, tragedy struck again 
in the Northern California suburb of San Bruno. Pressure built in a natural gas 
pipeline installed more than half a century earlier, resulting in a massive explosion 
that killed eight people, injured more than 60 and destroyed 38 homes. 

Independent investigators later found that the pipeline's operator. Pacific Gas and 
Electric, kept inaccurate records about faulty welds on the pipe and resorted to 
unorthodox strategies to get around PHMSA’s rules for pressure testing. State 
regulators failed to hold the company accountable until after the disaster. PHMSA, 
which had the power to sanction the state regulator, gave it the equivalent of an A 
rating in 20og. 


It took more than a year after San Bruno for lawmakers to send Obama a new 
bipartisan pipeline safety bill that imposed dozens of new mandates on PHMSA. But 
more than three years later, the agency has yet to finish many of the biggest tasks. 


SVI6 
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“They only seem to act when confronted by and forced by Congress to act," Rep. Peter 
DeFazio, the House Transportation and Infrastructure Committee's top Democrat, 
said of PHMSA. "And even then, they don't act." 

Congress gave PHMSA two years to consider requiring excess flow valves — which 
shut off the flow of gas in the event of a leak to prevent an explosion — in multi- 
family residences and other facilities. The safety board has for years recommended 
expanded use of the valves, which only cost a few hundred dollars. A 2012 Associated 
Press investigation identified at least 270 gas pipeline accidents since 1968, causing 
67 deaths, that the valves could have prevented. 

But three years after Congress urged PHMSA to take action, the agency has yet to 
propose any rule for adding the valves to multifamily buildings, amid resistance from 
industry. A regulation requiring the valves on new single-family homes 
was finalized the year before the San Bruno blast. 

Congress also gave PHMSA 18 months to write a regulation that would require 
pipeline operators to notify the National Response Center of an accident within an 
hour. During the Michigan spill, Enbridge waited more than three hours to alert 
federal responders. More than three years later, PHMSA’s rules only refer to 
notification at "the earliest practicable moment." 

Congress also sought to eliminate the so-called grandfather clause, which exempts 
lines built before federal safety regulations first took effect from current rules for 
record-keeping and pressure tests. Because the San Bruno pipeline was built before 
1970, it didn't undergo the kind of testing that could have alerted regulators to its 
potential defects. 

Lawmakers gave PHMSA 18 months to close that loophole by requiring that 
previously untested larger gas lines in sensitive areas undergo strength testing. But 
the agency has not even proposed a rule. 

Rep. Jackie Speier, the California Democrat who represents San Bruno, slammed the 
agency for an "appalling" faiiure to move "on this simple, noncontroversial 
regulatory fix that could save untold lives.” 

Speier counted "at least 10 more explosions" on gas pipelines since the 2010 disaster. 
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including one in Manhattan last year that killed eight people, "PHMSA knew what it 
had to do to fix the problem," she said in a statement. 

“Instead, in defiance of the law, it is endangering people by refusing to act. How 
many more explosions are enough?” 

Brabec, who serves with Weimer on the Pipeline Safety Trust, is so unhappy with 
PHMSA’s sluggishness that he wrote last year to a Democratic power broker, John 
Podesta, his roommate after college. “You grow weary of the reasons why rule 
making isn’t happening," he said. He accepts some of the agency's explanations, but 
wonders: "Where’s the part that untrue? Where are they holding themselves back?" 

There is frustration even within PHMSA's ranks. John Gale, director of the agency's 
Office of Standards and Rulemaking, told PHMSA advisers in October that "I'm not 
just professionally disappointed, but I’m personally disappointed that we’re not 
getting these rules to you." 

Former safety board Chairman Jim Hall, who now consults for San Bruno operator 
Pacific Gas and Electric, said agency officials are "underfunded and understaffed and 
do not really have the political culture to be effective at what they're doing." 

“They're understaffed to provide adequate oversight of the industry, but I don't 
believe they're understaffed to move a regulatory framework,” he added. "They’ve 
just lacked the will to do so." 

The risk of inaction is real. Older pipelines, particularly those made out of cast or 
wrought iron, and steel pipelines without protective coatings are considered at most 
risk of bursting. 

At least 1,984 pipeline incidents from 2002 to early this year — or about a quarter of 
all reported incidents — involved failed parts installed before 1970, according to a 
POLITICO analysis of federal data. Ninety-one incidents since 2002 involved failed 
parts that were at least So years old, including a 2011 blast that killed five people in 
Allentown, Pennsylvania. 

Incidents caused by equipment failure, including the welds on aging pipelines that 
the safety board has warned about for decades, have risen by more than 60 percent 
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since their low point in 2007. 

PHMSA has stopped short of comprehensive binding regulations that would mandate 
the replacement of aging pipelines, issuing otrly a "call to action” encouraging 
states to move quickly. 

“It’s a failure of government, sad as it is,” Lois Epstein, the Wilderness Society’s Arctic 
program director, said of the agency’s inability to function. "Especially when you’re 
talking about a Democratic administration that’s out there saying ‘Government can 
do what’s needed, government is a force for good.’" 

But perhaps the biggest unfinished business before PHMSA is the tens of thousands 
of miles of pipelines connecting oil and gas extraction sites to transmission and 
distribution lines that are now going almost completely unregulated. 

These “gathering" pipelines, once seen as lower priority because of their smaller size 
and lower pressure, are growing in size and number, thanks to the U.S. shale drilling 
boom — and states are starting to move on their own to rein in the pipes' potential 
dangers while PHMSA stays stalled. 

"PHMSA should at least know what’s out there: how many gathering lines, what the 
pressure is, how old they are and what the risks are,” said Susan Fleming, director of 
the physical infrastructure program at the Government Accountability Office. 

«*** 

Most of Congress’ mandates to PHMSA were still awaiting completion in March 2013 
when a ruptured pipeline sent more than 200,000 gallons of heavy crude gushing 
through the streets of Mayflower, Arkansas. 

The Little Rock suburb’s congressman at the time was Tim Griffin, a staunch 
Republican and former Karl Rove aide who is skeptical of federal regulations and 
strongly in favor of pipelines. But after the Pegasus pipe burst, forcing the evacuation 
of 21 homes, Griffin challenged PHMSA’s secrecy in a way that few others have. 

When ExxonMobil, the owner of the 65-yeat-old pipeline, refused to release the full 
engineering analysis conducted after the leak, PHMSA deferred to the oil company’s 
decision. 
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So Griffin obtained a copy of the massive report and posted it on his congressional 
website. Weeks later, he released three more reports on the failed pipeline's 
condition that ExxonMobil and PHMSA had tried to keep under wraps. 

"They politely requested that I not” share the data, Griffin recalled in an interview. 
“And I did.” 

Environmentalists played up TV images of Canadian crude spilling across sidewalks 
and lapping at backyard playsets to help their fight against Keystone, which would 
carry the same heavy oil through some of the Plains states' most environmentally 
sensitive areas. 

Few policymakers or advocates other than Griffin paid attention to PHMSA’s 
agreement with ExxonMobil to shield information regarding the spill. A review of 
PHMSA's post-accident violation notice to the oil company, however, illustrates the 
pitfalls of letting pipeline operators police themselves. 

Because the pipeline's Arkansas leg runs through a "high-consequence area" close to 
drinking water sources, federal rules required ExxonMobil to test it every five years. 
The company flushed the pipe with water in 2005 and 2006 to gauge the aging steel's 
strength under stress, and found what PHMSA later called “susceptibility to seam 
failures." 

ExxonMobil wasn't forced to act right away, though PHMSA did require it to test the 
doomed line again within five years. The company waited seven years instead, 
without telling its regulators or requesting an extension to comply with federal rules, 
according to PHMSA's post-spill violation notice, 

Exxon didn't act despite what PHMSA called “more than adequate information” to 
deem the line at risk for a rupture. After the leak, the agency proposed a $2,7 million 
fine that the company is now challenging. Exxon has long maintained that PHMSA's 
analysis of the Mayflower incident is flawed and it disputes the agency's assertion 
that the company violated federal regulations. 

Fines are meant to be one of PHMSA’s most powerful tools. Congress sharpened that 
weapon in 2011 by doubling the maximum civil penalties the agency can impose to 
$200,000 per day for each violation or $2 million for a related series of violations. 
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But over the past 12 years, a POLITICO review of PHMSA data shows, the agency has 
levied just $ 44.2 million in fines against pipeline operators that caused more than 
$5.5 billion in damage. 

PHMSA started fewer civil penalty cases in 2014 than it had in almost a decade and 
proposed 73 percent fewer fines than a year earlier, even as the number of total 
pipeline incidents increased, agency records show. 

The Federal Energy Regulatory Commission, which supervises interstate oil, gas and 
electricity transmission, imposes much steeper fines for a range of violations 
including market manipulation. A decade ago. Congress gave FERC authority to 
impose civil penalties of Si million per day for every day that a violation continues, 
and FERC has proceeded to smack companies with more than S6z6 million in civil 
penalties since 2007. 

Companies often fight PHMSA’s penalties in proceedings that are closed to the 
public. In addition to appealing its proposed fine for the Arkansas spill in ZO13, 
ExxonMobil is challenging a fine of about $1 million for a leak that dumped an 
estimated 63,000 gallons of oil in Montana's Yellowstone River in 2011. The company 
had already argued that down from the $1.7 million PHMSA first proposed. 

"They fine people $1 million and they go into a closed room and they come out and 
it's $250,000," Weimer of the Pipeline Safety Trust said. "What happened in that 
room? We don't know." 

PHMSA countered that its hearings are “informal" and shouldn't be compared with 
court proceedings. It says the hearings may include discussions about "confidential 
business information and critical infrastructure security information" that can't be 
disclosed to the public. 

Former PHMSA officials and industry representatives say the agency does in fact 
inspire fear. Any civil penalty — even a low one — can hurt a company's reputation 
and prevent it from securing permits for future projects, they say. 

After the 2010 Michigan oil spill that destroyed the Zinns' land, PHMSA hit Enbridge 
with a $3.7 million fine — the biggest civil penalty in the agency's history. Enbridge 
did not challenge that penalty and paid up in 2012. during a quarter when its net 
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profit was more than 70 times the size of the fine. 

**** 


The myriad problems facing PHMSA — from aging, untested pipes to its frozen rule- 
making process — might seem ripe for congressional attention in the agency’s next 
authorization bill. But new pipeline safety legislation, technically due for passage by 
this fall, is widely expected to slip to next year and to stop short of any serious 
remodeling of the agency. 

Part of the reason for that, as House Energy and Commerce Chairman Fred Upton 
explained, is PHMSA's lack of progress on the mandates lawmakers gave it in 2011. 

"Pipeline safety has been and will continue to be a top priority," the Michigan 
Republican said in a statement, but "it remains to be seen what needs to be 
accomplished" in a new authorization bill. 

"About half of the new safety procedures and requirements are still stuck in the rule- 
making process," Upton added. "My fear is that further delays and regulatory 
uncertainty will discourage development of much-needed infrastructure." 

Despite PHMSA’s lengthy to-do list, the agency hasn’t had a permanent leader since 
Quarterman, its former administrator, stepped down in October. Timothy Butters, 
the former assistant chief of operations for the Fairfax, Virginia, fire department, has 
served as acting administrator since then and Obama has not nominated a 
permanent administrator. 

PHMSA took a first step last year toward requiring testing and oversight of hazardous 
liquid pipelines that were installed before federal regulation began to kick in around 
1970. But the road from the agency’s initial outline to formal rule making will be 
long and arduous, not least because the oil industry slammed the effort in February 
as costly, unnecessary and problematic. 

The agency is also working on two highly anticipated rules that could reform existing 
regulations for both major types of pipelines, making good on many unmet 
mandates. Or not; their specifics, for now, remain largely a mystery. 

DeFazio, the Democratic PHMSA critic, plans to press for reforms in the next federal 
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pipeline bill regardless of the hurdles. He suggested that lawmakers “look at a major 
reorganization of the industry,” similar to what the airlines underwent after the 1996 
Valujet crash. 

“You don't screw around with this stuff politically," DeFazio added. "This is life or 
death. Pipelines blow up and people die.” 

Bob King contributed to this report. 
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Senator Cantwell. I also want to thank you, Secretary Moniz, 
for helping to bring data to bear on these policy questions because 
it is clear that our work is not done here. The Departments of 
Transportation and Agriculture, and the Federal Energy Regu- 
latory Commission must continue to develop their understanding of 
how rail congestion may be affecting the delivery of energy and ag- 
riculture commodities and the safety implications. 

Obviously outdated and aging infrastructure carries safety risks, 
and can also be a barrier to entry for new technologies. Investing 
in infrastructure upgrades enables the vast benefits of new tech- 
nologies to increase efficiency, improve reliability and create jobs. 

In fact, projections indicate that, by 2030, the energy sector over- 
all will employ an additional 1.5 million workers and changes in 
the electricity sector, in particularly, can affect the number and 
types in energy jobs. New technologies require new skills and train- 
ing in the electricity workforce. And I am glad to see that was part 
of the report. 

Older business models are going to change as our economy 
evolves. The electricity business must keep pace with the innova- 
tion and continue to be efficient, flexible and advanced. This work 
is important because our grid, I believe, is a platform. It is a plat- 
form for products and services and technology, not only in the 
United States of America but for electricity all around the globe. 

I was struck yesterday by the reports that solar lamps were the 
only public lighting sources initially available in parts of Nepal 
after the tragic earthquake and avalanche this weekend. So new 
technologies play a role — at home and abroad — in making energy 
systems more secure and resilient. 

Here in the U.S., we have been working with our laboratories in 
developing polices that inform infrastructure investment strategies. 
In terms of the electricity sector, we know that different states 
have different geographic priorities and different mixes of energy. 
But it is my hope that we can accelerate the modernization of our 
grid by ensuring that best practices and innovations driven from 
the ground-up can be implemented. 

As the Quadrennial Energy Review also notes, most of our na- 
tion’s transmission, storage and distribution infrastructure is 
owned and operated by the private sector. That is why an impor- 
tant aspect of accelerating new infrastructure technologies is a 
public-private partnership that is called for in the report. 

In 2008, the Edison Electric Institute estimated that, by 2030, 
the U.S. electric utility industry would need to make a total infra- 
structure investment of $1.5 trillion to $2 trillion. Analyses con- 
ducted for this review by the Administration suggest that natural 
gas interstate pipeline investment will range between $39 billion 
and $52 billion between the similar time period and depending on 
overall natural gas demand. 

So what is the cost of doing nothing? Between 2003 and 2012, 
an estimated 679 widespread power outages occurred due to severe 
weather, which cost the U.S. economy $18 billion to $33 billion 
each year between 2003 and 2013. And, as I mentioned, the Politico 
article from last week talks about spills, leaks and explosions from 
oil and gas pipelines that have caused a total of $5.5 billion in 
damage during the past 12 years. 
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So investments that promote innovative solutions to enhance en- 
ergy infrastructure resilience, reliability and security clearly have 
huge benefits to our economy, and I think that is what the report 
is trying to outline. 

Thank you very much for keeping our focus on what we need to 
do to take advantage of our energy resources but make them work 
better for the years ahead. 

The Chairman. Thank you. Senator Cantwell. 

Now we will turn to the Honorable Secretary Moniz, Secretary 
of Energy, for your comments this morning and look forward to a 
series of questions after. 

Welcome. 

STATEMENT OF HON. ERNEST MONIZ, SECRETARY, U.S. 

DEPARTMENT OF ENERGY 

Secretary Moniz. Well, thank you. Chairman Murkowski, Rank- 
ing Member Cantwell and other distinguished members of the 
Committee. I very much appreciate the opportunity to discuss with 
you the Quadrennial Energy Review, and I also thank you for the 
patience of the Committee in terms of the scheduling of this hear- 
ing. 

I am going to ask for your indulgence to make a slight detour, 
picking up on what Senator Cantwell said about our other missions 
because I just want to say a little bit about the accomplishments 
of the Department of Energy just in the last several weeks. 

We have many missions, nuclear security, energy, science, waste 
management and cleanup. I just wanted to note that just in the 
last four weeks, as you saw, our laboratories, etcetera, have been 
a major support in the Iran negotiations. On energy we are here 
today to discuss the QER that just came out. On science we just 
completed the coal announcement which is the next big step on 
supercomputing on the way to Exascale. And on the waste side we 
had the important decision a few weeks ago to pursue defense 
waste in a targeted way. So I just wanted to say that this Depart- 
ment is doing work in a whole, broad range of areas, and I think, 
with great accomplishment. 

Senator Cantwell. Madam Chairman, I do not know if that 
means that energy is at the center of all things? 

The Chairman. Yes. 

Senator Cantwell. Or Ernie Moniz is at the center of all things. 

Secretary Moniz. No, no, no. 

This is the Department of Energy. But let me 

Senator Cantwell. Well, we are glad for it either way. Thank 
you. 

Secretary MoNiz. And our laboratories are huge glue in terms of 
pursuing all these missions. So, I just couldn’t pass that up. 

Anyway, QER. 

So again, last week the Administration released a first install- 
ment and as you know, focused on energy transmission, storage 
and distribution, including the huge network of pipes, wires, stor- 
age, waterways, railroads and other facilities that really are the 
backbone of our energy systems. 

The QER comes at a time, as the Chair said, of a pretty dramatic 
energy revolution in our country, and we are reaping tremendous 
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benefits but we are also seeing the challenges to our infrastructure 
for transporting, storing and distributing these energy supplies, in- 
frastructure developed decades ago for a different energy world. 

These new challenges require us to modernize and transform the 
energy infrastructure to meet environmental security and competi- 
tiveness goals for the next decades, indeed for this century. So with 
that in mind. President Obama established this QER task force. It 
had 22 agencies involved just demonstrating the breadth of the eq- 
uities in the energy system, co-chaired by the Director of the Office 
of Science and Technology Policy and Domestic Policy Councils, 
Special Assistant to the President for Energy and Climate. 

Department of Energy was the Executive Secretariat for the task 
force and performed or commissioned an extensive number of tech- 
nical and scientific analyses. Our Office of Energy Policy and Sys- 
tems Analysis did much of the heavy lifting for this QER. We un- 
dertook an open, transparent process involving experts and stake- 
holders that included 14 public meetings around the country and 
also a meeting in Canada and discussions with our Mexico com- 
patriots. 

We released a final document, as you know, a week ago, and 
that’s available on the Web. The first installment provides policy 
makers, we think, with a road map for meeting, again, our key en- 
ergy objectives. There are several cross-cutting themes also covered 
including jobs, environment, infrastructure citing and importantly, 
the integration of North American energy markets. 

Let me just highlight a few recommendations. 

For example, on resilience, clearly a national priority, resilience, 
reliability, safety and security of our infrastructure. For example, 
we recommend establishing a competitive program of targeted 
funding to accelerate pipeline replacement. Enhanced maintenance 
programs for natural gas distribution systems, another, by the way, 
very big ticket facing our country about a quarter trillion dollars 
over the next decades. 

Supporting the updating and expansion of state energy assurance 
plans and then establishing a competitive grant program to pro- 
mote innovative solutions from the states for enhancing energy in- 
frastructure, resilience and reliability. That competitive program to 
move the needle would ultimately require $3 to $5 billion over a 
decade. 

We also recommend looking at and mitigating the risks associ- 
ated with the loss of large transformers. We make recommenda- 
tions on modernizing the electric grid. Once again, a strong empha- 
sis on providing state financial assistance to promote and integrate 
TS and D infrastructure investment plans for reliability, afford- 
ability, efficiency and lower carbon generation. 

Our two state planning grant programs we recommend in our FY 
’16 budget, $63 million combined for those activities. 

Clearly we promote grid modernization. Another example of 
something that is in our FY ’16 budget but only a down payment, 
but we estimate to be a $3.5 billion need of Federal expenditures 
to help with grid modernization. 

A few other recommendations I will just touch on. 

Importantly we need investments to optimize the petroleum re- 
serve both to upgrade it, maintenance, distribution capacity, but 
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also recommend with Congress revisiting of SPRO release authori- 
ties to reflect modern oil markets. 

We look at associative infrastructures and, for example, support 
a new program of competitively awarded grants for shared energy 
transport assets such as key interconnectors from our energy inten- 
sive ports. We feel that’s a very important, not very expensive, but 
very important activity to address critical energy data gaps in rail 
transport of energy commodities and supplies. 

We support alternative funding mechanisms for our waterways, 
and we strongly emphasize collaborating with our Canadian and 
Mexican counterparts, for example, in what is already proving to 
be a successful integration of how we collect and share data, energy 
data. 

To conclude, the Administration’s budget request, as I indicated, 
does include a down payment on some of the key recommendations. 
But clearly, to move forward, we will need a bipartisan commit- 
ment to modernize the nation’s energy infrastructure. 

We look forward to working with members of this Committee and 
others in Congress to take these next steps. As I pointed out earlier 
we are today living with the infrastructure decisions in invest- 
ments made decades ago. And similarly the next generation will 
look at our decisions taken and those not taken for how we shape 
the energy infrastructure and the energy system in the decades 
ahead. 

So thank you. Chairman Murkowski and Ranking Member Cant- 
well, members of the Committee. I look forward to our discussion. 

[The prepared statement of Secretary Moniz follows:] 
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Thank you Chairman Murkowski, Ranking Member Cantwell, and distinguished Members of the 
Committee. I appreciate the opportunity to discuss with you the Administration’s Quadrennial 
Energy Review (QER), 

Last week, the Administration released the first installment of the QER, focused on energy 
transmission, storage, and distribution (TS&D), including the networks of pipelines, wires, 
storage, waterways, railroads, and other facilities that form the backbone of our energy systems. 

QER Process 

In a memorandum released on January 9, 2014, President Obama directed the Federal 
government to conduct a QER and to focus on infrastructure in its first installment,' "This first- 
ever review will focus on infrastructure challenges [emphasis added], and will identify the 
threats, risks, and opportunities for U.S. energy and climate security, enabling the federal 
government to translate policy goals into a set of analytically based, clearly articulated, 
sequenced and integrated actions, and proposed investments... . " 

The President also instructed that the QER be overseen by an interagency QER task force, co- 
chaired by the Directors of the Office of Science and Technology Policy and the Domestic 
Policy Council, and comprised of 22 Federal agencies with equities in energy. The task force 
was directed to deliver a report to the President that: 

• Provides an integrated view of, and recommendations for, Federal energy policy in the 
context of economic, environmental, occupational, security, and health and safety 
priorities, with attention in the first report given to the challenges facing the Nation’s 
energy infrastructures; 

• Reviews the adequacy... of existing executive and legislative actions, and recommends 
additional executive and legislative actions as appropriate; 

• Assesses and recommends priorities for research, development, and demonstration 
programs to support key energy innovation goals; and 

• Identifies analytical tools and data needed to support further policy development and 
implementation. 

As directed by the President, the QER is envisioned as a focused, actionable document, designed 
to provide policy makers, industry, investors and other stakeholder’s unbiased data and analysis 
on energy challenges, needs, requirements, and barriers that will inform a range of policy 
options, including legislation. 
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The President directed the Secretary of Energy to provide support for the interagency QER task 
force, including support for coordination activities related to the preparation of the QER report, 
policy analysis, modeling, and stakeholder engagement. DOE’s Office of Energy Policy and 
Systems Analysis (EPSA) also performed or commissioned an extensive suite of analyses 
focusing on energy TSc&D infrastructures. 

As a policy roadmap, the QER recognizes the essential role of the States, tribes, cities and 
industry in shaping tlie Nation’s energy future. The plan also includes a focus on North 
America, recommending ways to further integrate the energy infrastructures of the U.S., Canada 
and Mexico to enhance market opportunities, energy security, and sustainability. The White 
House and DOE undertook an open, transparent process for informing and engaging 
stakeholders, including the following activities: 

• A series of public stakeholder meetings in Washington, D.C. and at 13 other venues 
across the country on essential regional and sector-specific topics; 

• Discussions and meetings with our partners in Canada and Mexico; 

• Briefings with industry associations. State officials; environmental groups; congressional 
staff and others; and 

• Development of a public comments portal (QERcomments@hq.doe.gov) to allow 
interested stakeholders and general public to provide comments on QER. 

Why Focus on TS&D Energy Infrastructure? 

There has been an energy revolution in the United States over the last decade. We are now the 
largest combined producer of oil and gas in the world and our oil imports are the lowest they 
have been in more than 40 years. Natural gas use in power generation has significantly increased 
and U.S. liquefied natural gas exports are scheduled to start within a year. Wind and solar power 
generation has grown dramatically and ethanol is now ten percent of U.S. gasoline supply. 

The United States is, however, at an energy crossroad. As noted, our energy landscape is 
dramatically changing with implications for infrastructure needs, options, and choices. The 
longevity and high capital costs of energy infrastructure mean that decisions made today will 
strongly influence our energy mix for a considerable part of the 2 1 st century. The vulnerabilities 
of our energy infrastructures are growing, and the threat of climate change increasingly requires 
not only more resilient systems, but the integration of zero- and low-carbon power generation. 

These rapid and dramatic changes in the Nation’s energy fortunes have created enormous 
opportunities. At the same time, they pose a set of challenges for energy policy makers, 
investors, non-governmental organizations (NGOs) and industry. These challenges come in 
many forms. Addressing the opportunities, challenges, and vulnerabilities associated with our 
energy infrastructure will require action by many parties in the private sector, many of which are 
coordinated public sector action at the Federal, state, and local levels. 

The transformation of our energy landscape has grown the economy, but also has implications 
for the Nation’s energy transmission, storage and distribution infrastructures — the vast networks 
that move energy supplies to intermediate processors and end users. These infrastructures are 
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aging, not well-matched to new sources of supply, and exposed to increases in extreme weather 
events associated with climate change such as sea-level rise, drought, wildfires, and hurricanes. 
Further, the Nation’s energy infrastructures are growing targets of cyber and physical attacks and 
are increasingly inter-dependent. 

These vulnerabilities and stresses come at a price. From 2008 to 2012, weather-related power 
outages cost the economy as much as S200 billion. Hurricanes Katrina and Rita shut down 28 
percent of the Nation’s refining capacity, sending gasoline prices soaring. Nationwide, the 
replacement of aging natural gas distribution pipelines is estimated to cost $270 billion. 

Also, the availability of affordable rooftop solar panels has, for example, created new options for 
meeting household electricity needs, yet broader use of these technologies challenges the 
traditional electricity business model. Coupled with other cost-saving technologies that enable 
consumer interactions with the grid, these new options put a premium on policies that 
appropriately value smart grid, distributed generation and other technologies and services 
relative to those provided within the traditional electric utility model. 

Our energy infrastructures need to meet today’s energy’s changing supply and demand profiles 
while being flexible enough to incorporate rapid market changes and new technologies going 
forward. Modernizing our existing energy infrastructures while simultaneously working on their 
transformation warrants a consistent, sustained, and thoughtful Federal approach. Decision 
making in this environment is not easy or simple — particularly in this time of rapidly shifting 
demands and objectives. 

Given the condition and location of today’s energy infrastructures and the evolving energy 
marketplace, the essential rationale for choosing energy TS&D infrastructure as the starting point 
for this QER is straightforward: We need a step change to modernize and transform our energy 
sy.stems to meet U.S. environmental, energy security, and competitiveness goals for the 21st 
century. Energy infrastructure is both a fundamental enabler and a limiting factor in 
transforming the Nation’s energy marketplace. 

QER Structure 

The first installment of the QER underscores the strong public interest in advancing key national 
goals of jobs, competitiveness, energy security and a cleaner energy future. It also provides 
policy makers with a roadmap for meeting key energy objectives: enhancing energy 
infrastructure resilience, reliability, safety and security; modernizing the electric grid and our 
energy security infrastructures; and improving “shared" energy infrastructures — railways, 
waterways, ports and roads — that move both energy and other commodities. Several 
crosscutting themes were also considered, including jobs, the environment, infrastructure siting, 
and integration of North American energy markets. 

• In our analysis of energy infrastructure resilience (contained in Chapter 2 of the report), 
we determined that TS&D infrastructure is vulnerable to a range of natural phenomena; 
that vulnerabilities vary substantially by region; and that many threats, including cyber 
and physical attacks, are on the rise. Furthermore, the growing interdependencies 
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between energy systems — such as the electricity required to move liquid fuels and natural 
gas, and the natural gas used to produce electricity — present new vulnerabilities. In our 
review of the electric grid (Chapter 3 of the report), we anticipate that investments in 
transmission and distribution upgrades will continue to grow. However, we also find that 
while costs will rise, in almost all scenarios the actual circuit-miles of anticipated new 
lines fall within historical build rates. We also draw attention to the need for accurate 
and appropriate valuation of the services that new technologies can provide to the grid, 
and we recognize that there is no "one size fits all" solution to the challenges seen across 
the different utility business models and market structures for electricity. 

• Chapter 4 analyzes the security implications of our energy use, and in particular how the 
changes in domestic production, the U.S. midstream, and international markets for oil cal! 
for reassessing our readiness to withstand and recover from shocks utilizing the Strategic 
Petroleum Reserve (SPR). It also evaluates how biofuels production and the introduction 
of new “drop-in” fuels are enhancing our security posture. 

• Our review of “mid-stream” energy infrastructure analyzes the rapidly expanding role 
that rail, waterborne, and roadway infrastructures are playing in the energy marketplace. 
Further examination of the benefits and costs of this expansion led to the development of 
Chapter 5 on “shared transport” systems. Unlike pipelines and electrical wires, shared 
transport systems serve a wide variety of commodities (such as coal, agriculture, and 
chemicals) and intermodal freight. The increase in energy movements on shared 
transportation systems has, in many cases, created new competition for limited capacity 
on these systems, while also drawing attention to the impact that traffic congestion and 
deficient infrastructure can have on communities and economic growth. 

• Building on our work with Canada and Mexico, as well as our neighbors in the 
Caribbean, Chapter 6 of the QER explores the benefits of enhanced integration of energy 
TS&D systems and energy markets in North America. Special attention should also be 
paid to the growing concerns over the vulnerabilities of Arctic communities and 
ecosystems in the face of climate change and expanding energy production. 

• Chapter 7 covers some of the environmental implications of TS&D infrastructures, both 
in terms of its impact on public safety and the environment, as well as how prudent 
investment can enable better environmental outcomes from our energy use. 

• The importance of maximizing the broader economic value of our TS&D infrastructure 
cannot be overstated when it comes to the opportunities for good paying jobs that new 
investment presents. Chapter 8 looks into some of the current employment trends and 
future projections for the energy sector, and proposes a suite of programs to improve the 
training of energy professionals and the transition of former military personnel to energy 
jobs. 

• Finally, Chapter 9 illustrates the challenges of siting and permitting of TS&D 
infrastructures, including the importance of close and early collaboration between 
developers and affected communities. 
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QER Recommendations 

The QER includes many recommendations to meet the Nation’s energy infrastructure objectives. 
Some of these are summarized below. 

Ensuring the Resilience. Reliability. Safety, and Security of TS&D Infrastructure 

Ensuring the resilience, reliability, safety, and security of TS&D infrastructure is a national 
priority and vital to American competiveness, jobs, energy security, and a clean energy 
future. To continue supporting these shared priorities, the QER recommends taking the 
following additional actions: 

• Establishing a competitive program to accelerate pipeline replacement and enhance 
maintenance programs for natural gas distribution systems. DOE should establish a 
program to provide financial assistance to states to incentivize cost-effective 
improvements in the safety and environmental performance of natural gas distribution 
systems, through targeted funding to offset incremental costs to low-income households 
and funding for enhanced direct inspection and maintenance programs. The estimated 
cost for this program is $2.5-$3.5 billion over 10 years. 

• Supporting the updating and expansion of state energy assurance plans, and 
establishing a eompetitive grant program to promote innovative solutions to 
enhance energy infrastructure resilience, reliability, and security. DOE should 
undertake a multi-year program of support for state energy assurance plans, focusing on 
improving the capacity of states and localities to identify potential energy disruptions, 
quantify their impacts, share information, and develop and exercise comprehensive plans 
that respond to those disruptions and reduce the threat of future disruptions. The 
estimated cost for this program is $350 - $500 million over 10 years. DOE should also 
establish a program to provide competitively awarded grants to states to demonstrate 
innovative approaches to TS&D infrastructure hardening and enhancing resilience and 
reliability. A major focus of the program would be the demonstration of new approaches 
to enhance regional grid resilience, implemented through the states by public and 
publicly regulated entities on a cost-shared basis. The estimated cost for this program is 
$3 -$5 billion over 10 years. 

• Analyze the policies, technical specifications, and logistical and program structures 
needed to mitigate the risks associated with loss of transformers. As part of the 
Administration’s ongoing efforts to develop a formal national strategy for strengthening 
the security and resilience of the entire electric grid for threats and hazards (planned for 
release in 201 5), DOE should coordinate with the Department of Homeland Security and 
other Federal agencies, states, and industry — an initiative to mitigate the risks associated 
with the loss of transformers. Approaches for mitigating this risk should include the 
development of one or more transformer reserves through a staged process. 
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Modernizing the Electric Grid 

Electricity is central to the well-being of the Nation. The United States has one of the world’s 
most reliable, affordable, and increasingly clean electric systems, but it is currently at a strategic 
inflection point — a time of significant change for a system that has had relatively stable rules of 
the road for nearly a century. To enhance the development of a modem electric grid, the QER 
recommends: 

• Providing state financial assistance to promote and integrate TS&D infrastructure 
investment plans for electricity reliability, affordability, efficiency, lower carbon 
generation, and environmental protection. In making awards under this program, 

DOE should require cooperation within the planning process of energy offices, public 
utility commissions, and environmental regulators within each state; with their 
counterparts in other states; and with infrastructure owners and operators and other 
entities responsible for maintaining the reliability of the bulk power system. The 
estimated cost for this program is $300 - $350 million over 5 years. 

• Promoting grid modernization. DOE has made a comprehensive grid modernization 
proposal in the President’s Fiscal Year (FY) 2016 Budget request. The crosscutting 
proposal supports strategic DOE investments in foundational technology development, 
enhanced security capabilities, and greater institutional support and stakeholder 
engagement, all of which are designed to provide the tools necessary for the evolution to 
the grid of the future. The estimated cost for this program is $3.5 billion over ten years. 

• Improving grid communication through standards and interoperability. In 
conjunction with the National Institute of Standards and Technology and other Federal 
agencies, DOE should work with industry, the Institute of Electrical and Electronics 
Engineers, state officials, and other interested parties to identify additional efforts the 
Federal Government can take to better promote open standards that enhance connectivity 
and interoperability on the electric grid. 

Modernizing U.S. Energy Security Infrastructures in a Changing Global Marketplace 

Until recently, the concept of energy security has focused on “oil security” as a proxy for 
“energy security.” It is clear, however, that energy security needs to be more broadly defined to 
cover not only oil but other sources of supply, and to be based not only on the ability to 
withstand shocks but also to be able to recover quickly from any shocks that do occur. To 
achieve this shared goal, the QER recommends: 

• Investing to optimize the Strategic Petroleum Reserve (SPR’s) emergency response 
capability. DOE should analyze appropriate SPR size and configuration, and, after 
carrying out detailed engineering studies, DOE should make infrastructure investments to 
the SPR and its distribution systems to optimize the SPR’s ability to protect the U.S. 
economy in an energy supply emergency. It is anticipated that $1 .5-$2.0 billion is needed 
for infrastructure life extension investments and to increase the incremental distribution 
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capacity of the SPR. 

• Updating SPR release authorities to reflect modern oil markets. Congress should 
update SPR release authorities to allow the SPR to be used more effectively to prevent 
serious economic harm to the United States in case of energy supply emergencies. 

• Supporting fuels diversity through research, demonstration, and analysis. DOE and 
the Department of Defense should continue research and demonstration activities to 
develop biofuels that are compatible with existing petroleum fuel infrastructure, 
especially in aviation and for large vehieles. DOE should provide technical support to 
states, communities or private entities wishing to invest in infrastructure to dispense 
higher-level ethanol blends. DOE should ensure adequate support for data collection and 
analysis on fuels, like propane, that play an important role in the Nation’s diverse energy 
mix and are challenged by changing TS&D infrastructures. 

Improving Shared Transport Infrastructures 

Changes in the U.S. energy production and use affect the way that energy and other commodities 
are transported in the United States. The use of transportation modes (e.g., rail, barge, and truck 
transport) that are also shared by agricultural and other major commodities, has been joined by 
significant growth in the use of these transport modes by crude oil, refined petroleum products, 
and petrochemicals. To better manage shifting utilization patterns, the QER proposes: 

• Supporting a new program of competitively awarded grants for shared energy 
transport systems. A new grant program - Actions to Support Shared Energy Transport 
Systems or ASSETS — should be established and supported at the U.S. Department of 
Transportation (DOT), in close cooperation with the DOE. This program should be 
dedicated to improving energy transportation infrastructure connectors. The estimated 
scale of ASSETS investment should be on the order of $2 - $2.5 billion over the next 1 0 
years, which would likely mobilize $4 - $5 billion in non-Federal investment, based on 
typical TIGER (Transportation Infrastructure Generating Economic Recovery) cost 
shares. 

• Addressing critical energy data gaps in the rail transport of energy commodities and 
supplies. Congress should fund the President’s FY 2016 Budget request for the Energy 
Information Administration to address critical energy transportation data gaps and 
continued data sharing with the Surface Transportation Board. 

• Supporting alternative funding mechanisms for waterborne freight 
infrastructure. The Administration should continue to examine alternative financing 
arrangements for waterborne transportation infrastructure and to develop strategies for 
public-private partnerships to finance port and waterway infrastructure. 
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Integrating North American Energy Markets 

The United States, Canada, and Mexico, as well as other North American neighbors, benefit 
from a vast and diverse energy TS&D network that has enabled the region to achieve economic, 
energy security, and environmental goals. To bolster this strong foundation, the QER 
recommends: 

• Establishing programs for academic institutions and not-for-profits to develop legal, 
regulatory, and policy roadmaps for harmonizing regulations across borders. In 
partnership with universities, qualified not-for-profits, and relevant U.S. energy 
regulatory authorities, state/province, local, and national energy regulations will be 
compared to identify gaps, best practices, and inconsistencies with regulations in Canada 
and/or Mexico with the goal of harmonization. 

• Increasing the integration of energy data among the United States, Canada, and 
Mexico. Provide resources for the Energy Information Administration to collaborate 
with its Canadian and Mexican counterparts to systematically compare their respective 
export and import data, validate data, and improve data quality. In addition, efforts 
should be taken to better share geographic information system data to develop energy 
system maps and review forward-looking assessments and projections of energy 
resources, flows, and demand. 

• Promote Caribbean energy TS&D infrastructure. As part of a larger Caribbean 
strategy, the United States should support the diversification of energy supplies, 
including actions to facilitate the introduction of cleaner forms of energy and 
development of resilient energy TS&D infrastructure in the Caribbean. 

Additional insights and recommendations are included in the Summary for Policymakers from 
the QER. I ask the Chairman’s permission to submit this summary for the record. 

Conclusion 

Periods of significant national prosperity have been frequently accompanied by Federal 
investments in a range of infrastructures — highways, rural electrification, providing water to 
open up the West. Some of the QER’s recommendations will require similar investments in our 
energy infrastructures at a critical time for shaping our energy system. These will however, 
leverage significant private investment and pay big dividends for the country — high-paying jobs, 
increased energy security, and a cleaner environment. 

The Administration’s most recent budget request includes funding for some of the QER’s key 
recommendations. Its full implementation will, however, require a bipartisan commitment to 
modernizing the Nation’s energy infrastructures. The decisions to do so will strongly influence 
our energy mix for much of the 21st century. The QER released by the Administration earlier 
this week provides a roadmap to help us make the right choices. 
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In closing, we at the Department of Energy, and all of the agencies that have developed this 
report and its recommendations, see enormous potential for benefit from the recommendations 
we have made. We very much look forward to working with Members of this Committee, and 
others in Congress, as we take the next steps together to assure our energy TS&D infrastructure 
is resilient, and sustains our economy in the future. 

Chairman Murkowski and Ranking Member Cantwell, this concludes my statement. I will be 
pleased to answer any questions. 
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The Chairman. Thank you, Mr. Secretary. Again, we appreciate 
your leadership on this and the opportunity to work with you going 
forward. 

This is a big report. There is a lot in it. There is much to con- 
sider, but we see a lot of good, thoughtful reports with much to con- 
sider that come before us here in the Congress. 

One complaint that many of us have is, and this is not directed 
at you, we see these good, strong, solid reports, but then there is 
no follow through with legislative proposals coming out of the Ad- 
ministration. 

One example is the Energy Trust Fund from last Congress. I had 
proposed it. The President actually noted it in one of the State of 
the Unions, but we never really saw anything happen from that. 

So the question, very broadly, is how do you envision a plan for 
engagement with this Committee, with the Congress, on the QER 
beyond this hearing? Are you looking for input from members of 
Congress here? Are you going to send us legislative text? How do 
you view moving forward from a broader perspective? 

Secretary MoNiz. Madam Chair, if I may give a little historical 
perspective. I was co-chair of the President’s Council of Advisors 
Science and Technology Task Force that recommended doing the 
QER a few years ago. And as we were contemplating this we met 
with many members of Congress. 

And it was interesting, we thought, that many of the members 
emphasized their interest in this QER, because they felt that a 
process that brought together many agencies that have so many 
energy equities to the Congress which frankly, while we have, just 
like we have a Department of Energy, we have a Committee on En- 
ergy. But many other Committees having equities in this that this 
might provide a good basis for the kind of discussion that we need 
for a more comprehensive look. 

We now have the product. I believe it could really help us in our 
Administration Congress, both chambers, both sides of the aisle 
discussion. So I certainly and I know many of my colleagues, now 
that we have what we hope can be a road map for much of our dis- 
cussion, want to engage in that discussion certainly in both cham- 
bers. 

The Chairman. I would encourage you to do that. As you know 
we are looking on this side to build an energy reform bill that is 
broad and comprehensive in scope, and many of the proposals that 
you are outlining in the QER I think we can look to. I know that 
on the House side they are doing the same. 

Secretary MoNiz. Yes. 

The Chairman. But that is going to take a level of active engage- 
ment, and we are going to need your leadership on that. 

Secretary MoNiz. We are totally prepared for that, and we would 
be eager to engage in those discussions. 

The Chairman. Right. 

Let me ask you about a specific infrastructure project. As you 
know we have extraordinary quantities of natural gas in Alaska, 
but what we lack right now is the infrastructure to move that nat- 
ural gas to market. 

This week we have Mr. Abe, from Japan, here in Washington, 
DC. Believe me, Alaskans would love to sell that natural gas to 
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Asia, to Japan, but it is a huge project. We are looking at a project 
anywhere upwards of $60 to $65 billion, world class in its scope, 
really unparalleled. 

You have mentioned before this Committee and to me that the 
process for evaluating the license for the Alaska LNG project is, 
kind of, in a different category, if you will, from projects in the 
lower 48. Can you just, again, assure me that you are pursuing a 
conditional license for the Alaska LNG project and that in this 
process going forward that this project is receiving your full atten- 
tion? 

Secretary MoNiz. Yes, I am happy to repeat that. We view, 
again, the getting, moving the, monetizing the natural gas in Alas- 
ka is very, very different proposition from that in the lower 48. As 
you said, first of all, the costs are enormous to move it to an export 
facility. So we are looking at this in a separate way. 

Two points. Well, we have already approved the Free Trade 
Agreement part. We are actively loolang at the non-FTA part for 
a conditional approval. It is different from our lower 48 approach, 
but the conditions and the special factors merit that and we are fol- 
lowing through on that. 

The Chairman. I appreciate that. 

Senator Cantwell. 

Senator Cantwell. Thank you. Madam Chair. 

Mr. Secretary, I have so many questions. I might have to submit 
some for the record. 

I want to start with this crude-by-rail and agriculture issue that 
was outlined in the report, the fact that it is displacing product in 
the marketplace right now. We are actually discussing this in the 
Commerce Committee as well. Since this Quadrennial Energy Re- 
view is such a comprehensive agency approach, what are the next 
steps in trying to deal with that? 

What specifically are you doing at the Department of Energy on 
the volatility issue in giving us some analysis about that? And 
what would the timeline be for that? 

Secretary MoNiz. Okay, thank you for the question. 

First of all, with regard to the commodity issue, in terms of, 
frankly there’s been very, very sparse data available. And the EIA 
has already now launched a program collaborating with the De- 
partment of Transportation to get data on the movement of energy 
commodities, oil, ethanol, etcetera, but we would like to also and 
we recommend a collaboration with other departments including 
USDA and others to have a more unified commodity database. 

By the way, and I should have said coal as well. So particularly 
in the energy sector, again, oil, ethanol, coal movements. But as 
you said there’s a competition often right now for moving multiple 
commodities, and we would like to get a multiagency approach to 
that. 

With regard to the oil-by-rail, specifically, we are collaborating 
with DOT. We have already put out from Sandia what was really 
a literature survey, the most comprehensive literature survey so 
far in terms of properties of different oils, most especially the tight 
oil. That is the focus of a lot of concern. 

That first report, a literature survey only, and by the way, only 
publically available literature. But it had some interesting findings 
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including the need for much more systematic, systematized, collec- 
tion of characterization data of crudes. It did suggest that the data 
that were reviewed did not imply that any one property of the oil 
would, you know, determine what would happen in terms of com- 
bustibility in an accident. But it recommended a major research 
project which Secretary Fox and I have agreed to co-fund which is 
now being launched. Again, Sandia will take. It’s probably going to 
take, and I know there is some impatience, but it will probably 
take two years to exercise, to get through the full research program 
that will include really to research into the characterization. How 
one samples, where one samples with a focus on what the implica- 
tions will be for testing and then understanding how crude oil 
properties affect things like combustibility in accidents. 

Senator Cantwell. But your scientific findings that you pub- 
lished basically suggest it is not something to ignore. You are un- 
dertaking more research on it because you are concerned. 

Secretary MoNiz. Absolutely. Absolutely. 

Senator Cantwell. Can I ask you about transformers? 

Secretary MoNiz. And if I may just say one last thing? Sandia 
has a lot of experience, by the way, in looking at combustibility of 
combustion. That’s why we’re using their facilities. 

Senator Cantwell. I saw in the report a lot of focus on working 
with states on upgrading the grid because of geographic diversity. 
But transformers are obviously a key component here. What are 
your thoughts on how we get more investment in transformers? 

Secretary MoNiz. So we recommend completing, basically, the 
analysis there and then depending upon the results, talking about 
a public/private partnership to move towards a reserve. 

When we released the Quadrennial Energy Review last week 
with the Vice President in Philadelphia we visited PECO, a major 
utility, which is actually on the technology forefront in many cases. 
And they’re, so they, for example, a large utility light that does 
have some of its own reserve capacity with transformers. But we 
need to get a systematized view of that across the country, dif- 
ferent kinds of utility structures, obviously different places. 

RPMA, WAPA, has done a study, for example, specifically on how 
they might support a transformer reserve. We have to pull all of 
this together over the next months and then come back to the Con- 
gress with what might be a step, the Congress and the private sec- 
tor, in terms of what might be the most effective path forward. 

Senator Cantwell. Thank you. 

Thank you. Madam Chair. 

The Chairman. Senator Gardner. 

Senator Gardner. Thank you. Madam Chair, and thanks for 
hosting this hearing today. 

Welcome back to the Committee, Secretary Moniz. 

Briefly, a couple of quick questions, because I have to head to the 
Floor shortly. 

In the Quadrennial Energy Review you laid out four clear re- 
quirements for the report. One of the requirements was to review 
the adequacy with respect to energy policy of existing executive 
and legislative actions and recommend additional executive and 
legislative actions, as appropriate. 
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I believe the Chair had cited one of those areas where we could 
have more energy policy driving action is the issue of LNG exports. 
Did the QER take into account or look at or will a result of it be 
discussions of crude oil exports or perhaps administrative action, 
policy considerations of crude oil exports? 

Secretary MoNiz. The QER was really specifically focused on the 
infrastructure as opposed to that kind of a policy issue, so it does 
not really go into that in detail. 

Senator Gardner. Okay, thank you. 

And when it comes to modernizing the electric grid one of the ex- 
amples of how it has taken too long for permitting in some areas 
to actually pursue modernizing and extending the grid. In Susque- 
hanna, a Susquehanna substation in Pennsylvania to the Rosen 
substation in New Jersey, there was a need for a 145 mile trans- 
mission line. It will be in service this spring, but it took a total of 
eight years for that service line to actually come into service. 

We have to have these adequate safeguards in place when it 
comes to make sure we are protecting the environment, moving for- 
ward in the right technologies, but what do you think Congress 
could do to make sure that these barriers are reduced so that we 
can move forward with transmission implementation in a more 
timely fashion? 

Secretary MoNiz. Well, first of all I think we are making some 
progress. And the rapid response transmission team, for example, 
has, maybe not with the speed, always the desire but it has man- 
aged to get three projects to the permit stage including the one 
that you mentioned. And there are three others now in the permit- 
ting stage. 

And so, for example, on the Trans West Express Project we ex- 
pect the final EIS to be out very, very, very, very soon and that 
project going into operation probably in 2017. 

So I think we do have a set of authorities and a set of adminis- 
tration institutions to try to streamline. But it is also clear that 
there are obstacles often put up, and I know there are discussions 
in the Congress. 

In fact, I think Senator Heinrich is looking at things like some 
backstop authorities, and we are happy to work again on the whole 
issue of expediting these projects. 

Senator Gardner. Thank you, and I look forward to working 
with you. I had some more questions on micro labs, but I will leave 
that to Senator Heinrich to continue that conversation. 

Thank you, Mr. Secretary. 

Secretary MoNiz. Okay, thank you. 

The Chairman. Senator Manchin. 

Senator Manchin. Thank you. Madam Chairman. 

And thank you, Mr. Secretary, for first of all, your service to our 
great country. I appreciate very much what you do. 

Secretary MoNiz. Thank you. 

Senator Manchin. And also for being here today. 

Speaking of the QER, I know when they went through this whole 
QER review. They were talking about, basically, they did not maul 
the potential for significant near term changes due to the clean 
power plant. It did perform stress tests using the accelerated nu- 
clear retirement scenario from EIA’s Annual Energy Outlook 2014. 
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Since we, in West Virginia, do not have any nuclear generation 
this analysis is less relevant for its needs and the potential for in- 
frastructure requirements for accelerated coal plant and retire- 
ments that may result from this CPP. Will the DOE he willing and 
ahle to re-perform its stress test modeling for TS and D, trans- 
mission, storage and distribution, particularly electrical trans- 
mission and natural gas pipelines using the results of the EIA CPP 
analysis? 

My main concern, sir, is basically reliability of the system right 
now. We are taking a lot of coal-fired plants off-line, and they are 
not coming back online so we are going to have a lot of capacity. 
If the lines are not energized or if we do not have the reliability, 
we could be in serious problems. That is what we are concerned 
about. I do not know if you all were looking at that or willing to 
re-look at that. 

Secretary MoNiz. Well, first of all, there were a set of analyses 
relevant to that question but maybe not the precise scenario that 
you’d like to look at, and I’d be happy to have our staffs get to- 
gether and define a scenario that might answer your specific ques- 
tions and needs. But I will say, again, that we have had a number 
of analyses of relevance. 

For example, one of the issues related to your question is the 
question of a natural gas transmission line capacity. That was 
looked at, and the conclusion was that, first of all, there has been 
a substantial build out of that over the last decade. 

There’s quite a bit of reserve capacity there, and so our conclu- 
sion there was that with regard to the natural gas transmission ca- 
pacity, we’re not looking at a need for, you know, a major, kind of, 
national, big build out from what we have. There will be regional 
needs targeted around specific supply centers. 

Senator Manchin. Let me ask this one question, if I may. A lot 
of these power plants that we have, coal-fired plants, are not in 
areas where there is oil or enhanced oil recovery possibilities. Are 
you all looking at transporting or pipelines transporting CO 2 into 
those areas to get the enhanced recovery? 

More 

Secretary MoNiz. Yes, so the CO 2 pipelines are specifically, we 
have recommendations in the QER. I might add, the Administra- 
tion has 

Senator Manchin. Coming from the Middle High Valley, I mean, 
basically where all of ours, you know. West Virginia and Kentucky, 
Pennsylvania, all the areas where the coal is produced. 

Secretary MoNiz. Yeah, in general, I mean we need to be able to 
collect the CO 2 for FOR and for deep aquifer sequestration. 

I would note that the Administration has put forward roughly a 
$5 billion incentive proposal around carbon capture and sequestra- 
tion, and one of the interesting features of it is it’s an analysis I’d 
be happy to share with you and with the Committee. 

That if one looks at, as a base case, an ultra super critical new 
coal plant with an appropriate amount of carbon capture, the in- 
centive structure in the Administration proposal would essentially 
equalize the cost of going into deep aquifer sequestration verses en- 
hanced oil recovery. And that could be very relevant for parts of 
the country where you don’t have the EOR easily available. 
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Senator Manchin. I will say officially I had asked if you would 
come, and you were so gracious to say that we can work out that 
scheduling to come to West Virginia and explain to all of our utili- 
ties and our providers, as far as our miners, of what the future 
may look for them and how we best apply their skills to the needs 
of the nation’s energy demand. 

Secretary MoNiz. I would be delighted to do that. Senator 
Manchin. 

Senator Manchin. A lot of people think that coal is going to be 
wiped out completely, but I do not believe in any near future that 
I have seen, the next three or four decades, this country is still 
going to depend an awful lot on coal production as far as an energy 
producer. 

Secretary MoNiz. The Administration’s projections continue to 
have coal with a somewhat lower, but with a substantial share of 
electricity for quite some time. 

And in fact, another document that we’re putting together a 
memo. I’d be happy to share, is one that talks about the whole va- 
riety of programs we have on coal and that includes the tax incen- 
tives I just mentioned. It includes the $8 billion solicitation that we 
now have on the loan program for fossil projects with lowered emis- 
sions. 

Senator Manchin. Which had come on tap 

Secretary MoNiz. Clearly R and D. 

We have also, out of the Department of Labor, worker commu- 
nity transition programs. 

So we have a whole variety of programs, and we probably need 
to pull those together in a coherent way. I’d be happy to share that 
with the Committee. 

Senator Manchin. I would love to have that. 

We look forward to your visit to West Virginia to explain to the 
good people of my state. 

Secretary MoNiz. Great. What’s a good time? [Laughter.] 

Senator Manchin. As soon as you can get there. 

Secretary MoNiz. Alright. [Laughter.] 

Thank you. 

The Chairman. Thank you. Senator Manchin. 

Senator Barrasso. 

Senator Barrasso. Thank you. Madam Chairman. 

As we had a chance to visit earlier, Mr. Secretary, it was a nice 
article in today’s USA Today, “Energy’s Progress Has Room to 
Grow.” 

For those members of the Committee who might have missed 
this, in POLITICO this morning, “Ernest Moniz, Rock Star.” So 

Senator Risen. We have always known that. 

Secretary Moniz. I had not seen that. I wish I still hadn’t. 

Senator Barrasso. I ask unanimous consent to make this part 
of the record. 

[The information referred to follows:] 
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The Chairman. Only the picture will be part of the record. 
[Laughter.] 

Senator Barrasso. Thank you, Madam Chairman. 

I do have a couple of questions because the Quadrennial Energy 
Report states that it is essential to promote more timely permitting 
decisions and explains that there is a gap between typical permit- 
ting times for energy generation and production sources and a 
much longer time for midstream energy infrastructure. 

The report goes on to say that legal requirements for the permit- 
ting and review of major infrastructure projects have created com- 
plex processes that in some cases have taken years or longer to 
complete. 

So I am glad that the Administration is acknowledging that the 
Federal permitting process is broken, but I do have concerns about 
some of the recommendations to fix it. The Administration rec- 
ommends more permitting fees, more coordination among Federal 
agencies, more public engagement. 

The Administration does not make mention of establishing dead- 
lines for permit decisions, it does not mention repealing duplicative 
permitting regulations, and it does not mention limiting lawsuits 
which slow the permitting process. 

So, with all due respect do we really believe that more money 
and coordination and engagement is all that is necessary to resolve 
the delays in the Federal permitting process? 

Secretary MONIZ. No, I certainly do not. 

And going, in fact, by the way to your opening statement. Sen- 
ator Barrasso, opening words, I must say that over these last years 
we are, kind of, seeing a shift where often the infrastructure time 
has now become the long pole in the tent for shifting the energy 
system which is kind of a reversal a little bit of where it used to 
be. 

So I think we need to address these things, and we are trying 
to do that within our existing authorities. But what I want to point 
out is that things like litigation; we cannot stop litigation. It is not 
a question of just Federal authorities. 

The states play an enormous role. And of course, the more that 
we get into the issues of, kind of, semi continental scale, let’s say, 
transmission lines that cross multiple states without all of the 
states being beneficiaries, the obvious problems emerge. And that’s 
what we are seeing in terms of multiple delays. 

Clearly the issue of moving on corridors, for example, has been 
set back often by the courts in respect to states’ options. So again 
we would love to work with you and other members on that. But 
we are trying to expedite within the TIP Program for western with- 
in 12-22 authorities. Well, we do expect some progress this year. 
But it’s slow in coming. 

Senator Barrasso. Another thing the Quadrennial Energy Re- 
view calls for is integrated North American energy markets. It ex- 
plains that energy system integration is in the long term interest 
of the United States, Canada and Mexico and states the integration 
of these markets creates economy of scale to attract private invest- 
ment, lower capital costs, reduces energy costs for consumers. 

It also says Mexico’s energy reforms present an opportunity to in- 
crease energy trade with the United States and enhance energy se- 
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curity for the region. So I am pleased the Administration recog- 
nizes the benefits of increasing trade in energy resources. 

Again, the Administration seems to really not have the ambition 
or the courage to achieve the stated goals. Specifically the Adminis- 
tration fails to recommend a policy which would allow crude oil ex- 
ports to Mexico. This is especially disappointing given that a bipar- 
tisan group of lawmakers in both the House and the Senate have 
called on President Obama to do just that. So if the Administration 
is serious about integrating North American energy markets 
shouldn’t we allow crude oil exports to Mexico? 

Secretary MoNiz. First of all, we share, apparently, the focus on 
the importance of North American energy and the Mexican energy 
reforms. I want to emphasize, not only in the hydrocarbon sector, 
but in the electricity sector, I think, are really important and open 
up much more chance for us to be integrated on infrastructure on 
energy trade. And energy trade, even two years ago, was already 
north of $200 billion among the three countries. 

Now clearly in the QER we did not address any specific project. 
And the question of oil exports is, as you well know, in the Depart- 
ment of Commerce hands. But I think that in light of the energy 
reform, in particular, revisiting those questions is quite appro- 
priate. As you know, the Mexicans have also proposed for our con- 
sideration a swap concept of light and heavy oil. So I think these 
are all areas of active consideration. 

Senator Barrasso. Thank you. 

Just finally, and I will also have to submit written questions. 

Mr. Secretary, last week I wrote to you about a former Deputy 
Secretary of Energy, Daniel Poneman. I expressed my concern 
about his appointment to the Board of Directors of a Traxys group 
of commodities trader and just have concerns about that and hope 
to get a quick, timely response from you regarding that letter. 

So, thank you. Madam Chair. 

Secretary MoNiz. Well, I can say your and the concern of other 
members that have been brought to our attention has certainly led 
us to, you know, make sure all people in the Department are 
aware, as is Mr. Poneman, of the rules in terms of interaction. 

Senator Barrasso. Thank you. 

Thank you. Madam Chairman. 

The Chairman. Thank you. Senator Barrasso. 

As we are discussing prompt replies, I am informed by my staff 
that some of the QERs that we had submitted at the budget hear- 
ing several months ago have not yet been responded to by DOE. 
If you can just rattle the cage there we would appreciate it. 

Secretary MoNiz. I did that last week. [Laughter.] 

The Chairman. Thank you. 

Let us go to Senator Franken. 

Secretary MoNiz. Well, we have an interagency process to go 
through, but anyway, I apologize for that and I want to be prompt 
with that. 

The Chairman. Thank you. 

Senator Franken. Thank you. Madam Chair. 

Thank you. Secretary Moniz. In response to Senator Cantwell 
you touched on properties and characteristics of tight oil, specifi- 
cally, and specifically the characteristic of combustibility. We have 
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seen these crude-by-rail accidents that have led to some pretty 
spectacular explosions and in some cases tragedy, 47 people killed 
in Quebec during an accident. So let me ask about a very specific 
property which is vapor pressure, caused, as I understand, by liq- 
uid natural gases. 

Secretary MoNiz. NGLs. 

Senator Franken. That are particularly explosive. As you may 
know, on April 1st or since then North Dakota has been requiring 
vapor pressure Bakken crude to be limited to 13.7 pounds per 
square inch (psi) before it is loaded into the rail cars. But the big 
explosion in West Virginia, the vapor pressure of that oil was at 
13.9 psi. 

My question is whether the Department of Energy is working 
with the Department of Transportation and others to assess the 
safety benefits of lowering crude oil vapor pressure before it is 
loaded on the trains? 

Secretary MoNiz. Yes, so that is one of the specific focus areas 
of the work that I alluded to earlier that our Sandia lab has carried 
out and will carry out, but again the early indications are that no 
one property seems to be directly correlated to the combustibility 
issues. But that will be researched much more in the next year, 
and then there will be specific combustion tests done in accident 
scenarios to test this out. 

The second issue is that, frankly, the literature survey indicated 
that the lack of systematic characterization also didn’t always 
make it clear what actually was being loaded. 

Senator Franken. Okay. Well 

Secretary MoNiz. So we have to work on both of those. 

Senator Franken. There is obviously tremendous concern. 

Secretary MoNiz. Yeah. 

Senator Franken. In the communities. 

Secretary MoNiz. Yeah. 

Senator Franken. And the first responders along. 

Secretary MoNiz. And Secretary Fox, again, is equally eager to 
resolve this. And again, we will be cost sharing this work. 

Senator Franken. Yes, thank you. 

I would like to ask you about the nuclear negotiations between 
the P5 plus one and Iran, something that you might know some- 
thing about. The negotiated framework provides the basis for final 
agreement, and you have talked about how the framework blocks 
Iran’s overt paths to a bomb, both the uranium root and the pluto- 
nium root. But the blocking the covert path is in question and more 
challenging. 

While the framework argument spells out an extensive and in- 
trusive inspection regime over the entire supply chain for Iran’s 
nuclear program there still will be concerns that Iran would cheat 
and break out toward a new bomb or toward a bomb, but given all 
the various restrictions and inspections that are in place through- 
out the supply chain Iran would have to cheat in more than one 
way and not get caught. 

So my question is can you talk about all the ways that Iran 
would have to cheat in order to get around the terms of the agree- 
ment and set up a secret uranium enrichment program? 

Secretary MoNiz. Sure. That is a big question. 
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Senator Franken. And can you answer it in the five seconds re- 
maining in my 

Secretary MONIZ. Right. [Laughter.] 

But I think you have already put your finger on it in a sense that 
the transparency and verification elements that will be put in place 
in an agreement, first of all are unmatched to those in any other 
situation in terms of their comprehensiveness and intrusiveness. 

But specifically because of the scope of the activities they would 
have to manage/succeed at an entire supply chain from uranium 
source all the way through all the processing of uranium to the 
manufacturer of centrifuges outside of the IAEA purview. They 
would have to be able to avoid various kinds of sampling and sur- 
veillance activities. It would be quite an achievement. 

And so I feel that these verification measures are extremely 
strong. And as we have said, special measures like the uranium 
supply chain surveillance will be in place for 25 years. So it’s, it 
will be quite a long period for observing whether or not Iran, in 
fact, wants and has only a peaceful program. 

Senator Franken. Thank you for your answer, and thank you. 
Madam Chair. Obviously as we go forward to June 30th and right 
beyond that all this will be front and center. 

Thank you. 

Secretary MoNiz. Thank you. 

The Chairman. Thank you. Senator Franken. 

Senator Daines. 

Senator Daines. Thank you. Madam Chair. I want to go down 
the path that Senator Manchin was on earlier regarding coal. 

According to the Energy Information Administration the U.S. 
produces about a billion tons of coal per year, and looking at the 
global numbers, it is about eight billion tons annually. So we rep- 
resent about 12 percent of the world’s coal production. Said another 
way, 88 percent of the coal production in the world occurs outside 
of the United States. 

It looks like projections for the next ten to twenty years, coal pro- 
duction globally will only increase, plus or minus. As you know coal 
is an important fuel for electricity generation in Montana. In fact, 
more than 50 percent of our electricity in Montana comes from 
coal. I believe the national number is around 40 percent. 

It also provides good paying jobs for Montanans including our 
tribal members. We had a field hearing on the Crow Reservation 
regarding coal production a couple weeks ago. It provides $120 mil- 
lion in tax revenues for our state which supports our schools, our 
infrastructure. 

It also powers Midwest utilities. Gary Peters, the other new 
freshman Senator, one of the 13 new freshman Senators, from 
Michigan mentions the fact that it is coal coming from Montana, 
in fact, to power Detroit Edison and powers our automobile manu- 
facturing sector. 

So we are the Saudi Arabia of coal, globally speaking. We have 
more coal reserves than any other nation. In fact, Montana has the 
greatest number of coal reserves of any state in the United States. 

I am just concerned in looking at the review and trying to make 
sure we achieve the right balance here of the all of the above en- 
ergy portfolio. Clearly a state like Montana, we have bright skies. 
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we have solar potential, we have tremendous water resources and 
hydro power, we have great wind potential, hut we also have oil 
and natural gas and importantly, coal. 

There are two export terminals important to my state that are 
currently under the review by the U.S. Army Corps, the Gateway 
Pacific Terminal and the Millennium Bulk Terminal. I was recently 
out on one of those terminals with a member of the Boilermaker 
Union there in Montana, a tribal member, looking at the impor- 
tance of looking at coal exports and lastly looking at the broader 
environmental picture. Montana coal or U.S. coal, we actually have 
cleaner coal than many other countries around the world. 

I welcome the mention in the report through a view of our LNG 
exports, as has been discussed earlier, in the transmission cor- 
ridors, but where do you see the priority, looking at coal exports, 
given that the global coal production is going to increase over the 
next decade plus I just do not see much emphasis or thought relat- 
ing to coal exports and where do you see that in our broader strate- 
gies? 

Secretary MONIZ. Well, Senator, coal exports are not frankly 
something in the Department of Energy’s purview. Most, in fact, I 
believe a lot of the, well the Army Corps often has a role. But I 
think a lot of it also is state, state permitting and state EISs, 
etcetera. 

I do want to note that the, you mentioned the amount of coal. 
And China, of course, uses about roughly half of the world’s coal 
use. We expect that they will be peaking their coal use relatively 
soon. But still, a lot of coal being used and we, of course, believe 
that carbon capture and sequestration and often with EOR is crit- 
ical. 

I do want to note and that the Department of Energy will be 
hosting the International Carbon Sequestration Leadership Forum, 
excuse me, in Montana, I think in August, I believe it is. And we’ll 
be sure to get you that information for that meeting. 

Senator Daines. Yes, thank you. 

I know the review mentions the Administration’s Federal infra- 
structure project permitting dashboard, and the review rec- 
ommends expanding an online project tracking system. I guess we 
look at the broader energy picture, and given that coal is still the 
number one source of electricity in America, it is number one and 
51 percent, certainly, in Montana. 

I would like to ask you to consider perhaps adding tracking coal 
export projects as we look at the broader national energy infra- 
structure as a part of that equation. I think we all agree we want 
to continue to work to improve the outcomes here in terms of coal 
and coal-fired electricity, but the reality is it is our number one 
source of electricity and it needs to be an important part of the 
portfolio. 

Secretary MoNiz. We can look at that. I think all exports, in fact, 
are now roughly 100 million tons, I believe. It is quite a large num- 
ber. 

Senator Daines. Yes, and we look at South Korea, Taiwan, 
Japan. They are relying on other countries like Indonesia and Aus- 
tralia. 
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Again, back to this point, 88 percent of the coal production occurs 
outside of the U.S. We have a chance to continue to grow jobs, tax 
revenues for schools or infrastructure by expanding our coal ex- 
ports, and I think it is a way to keep electrical prices lower as well 
as create jobs. 

Secretary MoNiz. Yeah. 

Senator Daines. Tax revenues, for our infrastructure. 

Secretary MoNiz. Yeah. 

I actually have, just now, was handed some of the words that we 
have on that. Actually the East Coast reports are, alone, are ship- 
ping about 70 million tons. And the companies, it says here, the 
companies that own and manage export terminals continue with 
long range plans for expansion focused on the potential for contin- 
ued demand in Europe, Asia and South America. 

Senator Daines. Yes, and I am 

Secretary MoNiz. So these are data that we will 

Senator Daines. Sure. I am glad to see the East Coast. We will 
just turn your attention perhaps to the West. 

Secretary MoNiz. I understand. 

Senator Daines. Where the coal is. Senator Barrasso here from 
Wyoming. 

Secretary MoNiz. Right. 

Senator Daines. We have tremendous opportunities right now 
between Wyoming and Montana here looking at West Coast oppor- 
tunities, and getting back to where is the expansion occurring? 
Over in Asia. 

Secretary MoNiz. Right. 

Senator Daines. So the West Coast is very, very important. 

Secretary MoNiz. Yeah, understood, and I recognize the low sul- 
fur content. 

Senator Daines. Great, thank you. 

Secretary MoNiz. Yeah. 

The Chairman. Senator Heinrich. 

Senator Heinrich. Thank you. Madam Chair. 

Mr. Secretary, one of the areas I am pretty excited about right 
now, just because we are seeing such rapid change, is the area of 
power storage where capability is increasing at a pretty good clip. 
Costs are coming down quite quickly as well. 

I am wondering if you could take a few minutes to just talk a 
little bit about how you see, what you see, as DOE’s role in accel- 
erating this technology sector that could really change the way we 
think about energy, change our generation needs, really facilitate 
time shifting and move us forward to a very, very different kind 
of grid than, sort of, what we have experienced in the past? 

Secretary MoNiz. Thank you. Senator. 

Yeah, storage certainly could be a game changer. And as you say, 
costs are coming down across the board. Utility scale storage, dis- 
tributed storage which is actually very interesting. 

Senator Heinrich. Surely. 

Secretary MoNiz. And then, of course, transportation storage sys- 
tem batteries which might also be grid connected in the future. So 
we are working on all of those. 

ARPA-E has, for example, had strong support in this area. We 
have a hub that we have established at Argonne National Labora- 
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tory, CESAR, looking at storage across the board with novel chem- 
istries, et cetera, to reduce costs. And we are including storage in 
a lot of our system modeling activities to see exactly how storage 
can help us achieve our goals in ways that might otherwise be 
much more complicated. 

If I may put in a plug, we did a report at Senator Wyden’s re- 
quest about a year and a half ago on large scale storage and inte- 
gration into the grid that’s very important. 

I’d like to add, however, that the issue of consumer level storage 
combined with distributed generation is getting to look extremely 
interesting and can be yet another challenge to the utility business 
model that we have to look at. 

Senator Heinrich. I think that is quite clear. I am, sort of, en- 
couraging utilities to get ahead of this and make some decisions 
about incorporating these things into their business model because 
if they just look at saying no or making it more difficult for people 
to put distributed generation on their homes, distributed solar or 
distributed storage at their homes, you know, that you could see 
a very unstable business model moving forward. 

Secretary MoNiz. Yes. 

Senator Heinrich. And it, kind of, brings up the issue of rate 
making. I want to ask you a related question because both the cost 
of photovoltaic panels coming down very quickly plus the energy 
storage changes that we are seeing in the distributed market are 
fueling a lot of change. I think one of the things we need to see 
is the ability of states to make very accurate decisions about the 
cost and benefits, both sides of the ledger, of those things being 
brought on to the grid. 

I wanted to ask you if you think that state regulators have the 
tools they need to adequately quantify both sides of the ledger, 
both the benefits and the costs of distributed generation and dis- 
tributed storage so that they can make accurate rate cases and is 
this an area where possibly the labs might be able to help states 
accurately assess those costs and benefits? 

Secretary MoNiz. I think it’s a long way to go. In fact one of the 
major recommendations, major, again, one of the many rec- 
ommendations I should say, I guess, in the QER was that we really 
need to work on getting better evaluation algorithms for all kinds 
of services that are being provided in the grid, including of course, 
in the distribution system which you were referring to, in effect. 

So you alluded to the issue of distributed solar, for example, and 
we know what’s going on with the arguments involving net meter- 
ing and value to utilities. I think on the one hand there is a real 
issue of how do you value the connectivity that is still there, but 
on the other hand how do you value the benefits to the overall grid 
system. 

Senator Heinrich. Right. 

Secretary MoNiz. Erom either distributed generation or efficiency 
programs. 

In fact, as you know, another court issue is this question of how 
do demand side programs propagate back to RTO and ISO consid- 
erations and to EERC regulations. 
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So this is a critical problem, and we certainly identified it. We 
didn’t exactly put the solutions forward, but I think that is some- 
thing to work on. 

I think your idea, maybe, of getting a lab focused on this would 
be good, particularly in that we’ve also proposed one of the major, 
“down payments” that we have in our FY’16 budget proposal to 
Congress is the grid modernization. The grid modernization pro- 
gram we’ve put forward is not simply about, you know, synco 
phasors on the high voltage lines. 

Senator Heinrich. Right. 

Secretary MoNiz. It also includes the state grant programs. It in- 
cludes the whole set of issues. So we could take that on. 

Senator Heinrich. Well, I look forward to working with you on 
that, and I think now is the time because we are seeing a lot of 
policy decisions made with a very meager amount of data. The 
more data we have, the more direction we have and the better 
those policy decisions will be. 

Secretary MoNiz. If you have some specific ideas and directions, 
we’d love to get together and talk about them. 

Senator Heinrich. Fantastic, thank you. 

Secretary MoNiz. Critical issue. 

The Chairman. Thank you. Senator Heinrich. 

Senator Cassidy. 

Senator Cassidy. Yes, Mr. Secretary, it is nice to see you. 

I was pleased to see an emphasis upon LNG export terminals. As 
you know Calcasieu Parish and Cameron Parish in Louisiana are 
kind of ground zero for that sort of thing. The original QER, I am 
told, had increased funding to dredge the Calcasieu ship channel 
which will be so important if two tankers are going to go side by 
side, that sort of thing. But then I am told that 0MB kind of pulled 
funding out. 

Now, of course, I am representing a state with lots of harbors. 
I am looking at the Harbor Maintenance Trust Fund which has 
more than enough money to pay for all this, and it is not hap- 
pening. 

So any thoughts as to why, when the money is sitting there, we 
are not emphasizing using the dollars that are raised in order to 
increase the potential of the infrastructure that you stress so wise- 
ly in your QER? 

Secretary MoNiz. Well, I think you apparently have seen the car- 
toon that we had in there in terms of the Calcasieu channel. Cer- 
tainly the issue of keeping up with our inland waterways, problems 
in this case, the dredging issues in that channel are obviously very 
important. 

All I can say is that I think the Administration is committed to 
trying to accelerate those. There was, I forgot if it was $60 million, 
I believe added for dredging specifically in the Calcasieu channel 
which I understand would open up the channel appropriately. I can 
go back and look at that again, if you’d like. 

That’s my understanding at least. 

Senator Cassidy. Thank you. 

Secondly, on the MOX facility in Savannah or Charleston, South 
Carolina, I believe. 

Secretary MoNiz. Savannah River. 



48 


Senator Cassidy. Savannah River. 

Secretary MONIZ. National laboratory or site, Savannah River 
site. 

Senator Cassidy. There is a recent top line press release as re- 
gards something the Aerospace Corporation gave which frankly 
was unfavorable to the project. But it was also out of line with pre- 
vious reports from say, the Army Corps of Engineer being far more 
expensive and also suggests that another 30 years to completion as 
opposed to the eight years it has taken to get so far which is, de- 
pending on who you speak to, 50 to 65 percent. I think Aerospace 
has 50. The contractors say 65. 

Any thoughts on that one? What experience does the Aerospace 
Corporation have on such projects? That would be my first ques- 
tion. Two, can we have some transparency as to their assumptions, 
because in such a complicated project assumptions mean every- 
thing. 

Secretary MoNiz. We’re happy by the way, first of all on the last 
part to have completely transparent briefings. That’s what we 
would like to do on that. 

The Aerospace Corporation has been, you know, a contractor 
quite frequently to the NNSA part of DOE in terms of some nu- 
clear projects. They do a lot of complex projects. 

Senator Cassidy. Including those for a plant such as this which 
would be. I can see nuclear projects for a defense vehicle, for exam- 
ple, a defense project, but that would be quite different from this. 

Secretary MoNiz. These are, look, well first of all, of course, it’s 
a unique project. 

Senator Cassidy. Yes. 

Secretary MoNiz. So no one has looked specifically at this project 
other than DOE and the contractors. 

I want to say. Senator, that when I came into this job I made 
it very clear that I wanted to be very transparent but also very 
straight forward and data driven. And sometimes the results aren’t 
so pretty. But when we looked internally at DOE, at this last year, 
we came out with a full life cycle cost north of $30 billion. That, 
in fact, led to the idea of then going out for an independent con- 
tractor to look at that. 

The increase 

Senator Cassidy. $30 billion in addition to that which was spent 
or $30 billion including that which was spent? 

Secretary MoNiz. It was north of $30 billion. In that case it was 
including the four to five that had already been spent, but, you 
know, that scale. 

Two points about the Aerospace. One is that they put in a lot of 
risk management contingency, number one. Number two is that the 
charge included a cap on the appropriations spending, annual ap- 
propriations spending. 

Senator Cassidy. You see, that is what 

Secretary MoNiz. That we viewed as being reasonable. 

Now the trouble was then that cap and this has been our prob- 
lem right from the beginning, that cap then spreads the project out 
so long that it builds up. 

Informally we have looked at the implications of allowing a high- 
er appropriations, annual appropriations cap. And that does lower 
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the life cycle cost significantly, but it’s still in the high $30 billions, 
the high $30 billion. 

So, I think, and I want to emphasize that’s not just the MOX 
plant. Probably we’re talking apples and oranges. The MOX plant 
itself is only one part of a very, of a much bigger project including 
how you get the pits down into plutonium oxide and of course the 
operating costs over decades. So I want to clarify. 

Senator Cassidy. Got that. 

Secretary MoNiz. That’s what the, let’s call it the high $30s or 
$40 billion is. 

Senator Cassidy. I am over time. I look forward to that briefing. 
Thank you. 

Secretary MoNiz. Okay. 

Senator Cassidy. And if I get a second shot I will take a second 
shot on something else. 

Secretary MoNiz. Okay. 

The Chairman. Senator King. 

Senator King. Thank you. Madam Chair. 

First, Mr. Secretary, I want to thank you for your role in the 
Iran negotiations. 

There is an extraordinary article, I think it was in the New York 
Times recently about the role that the Department of Energy 
played in analyzing the various proposals, the labs. It strikes me 
as fortuitous in the extreme that at the moment we are under 
again to these particular negotiations we have a nuclear physicist 
in charge of the Department of Energy. 

I want to go to an appalling chart on page 226 of the report. I 
am sure you know what I am talking about. It is the differential 
in oil and gas, natural gas, prices between New England and the 
rest of the country. 2-7 is the number of the chart. 

This is an infrastructure problem, and I just think it is some- 
thing. It is absolutely urgent for our region. 

We went into natural gas in a big way, as you know, starting in 
about the year 2000, and now 50 to 60 percent of our electricity 
comes from natural gas. A lot of people, like myself, switched to 
natural gas to heat our homes. And winter before last we had the 
highest natural gas prices in the world, and this shows us that al- 
most double the U.S. rate. 

So, I just hope that the Department can be aggressive and for- 
ward leaning in helping the governors, the delegation, the utilities, 
to solve this problem. It is a pipeline problem. It is not a gas prob- 
lem, as you know. I think it is going to take an all of the above 
kind of strategy in terms of permitting, and it is a really urgent 
problem for the region. I assume you agree with that? 

Secretary MoNiz. Yes. In fact the very first field hearings that 
we had for the QER were in New England, specifically driven by 
the gas pipeline issue. The representatives of all six governors were 
part of that meeting. And frankly the remarks that they made were 
such that the governors felt that they were, kind of, going to have 
this under control and would take care of it. 

In fact, I understand that next year in 2016 there will be a sub- 
stantial expansion of capacity taking gas from the Marcellus at 
least kind of, into the Boston area through there. But getting that 
farther north 
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Senator King. Right. 

Secretary MoNiz. Is a challenge there. I don’t know how this will 
turn out, and I’m happy to work with you, Senator King. The 

Senator King. This is a problem of our system is that we are ei- 
ther Federal or state. We do not have regional entities. 

Secretary MoNiz. Right. 

Senator King. I think this is a case where we are not asking for 
Federal intervention, but we are asking for a Federal quarterback, 
in a sense. 

Secretary MoNiz. Yes. 

Senator King. I think you can help to convene and move this 
process. 

Secretary MoNiz. And we will — and we are happy to do that. 
Again, I think the issues for the southern part of New England 
look like they’re coming under control probably next year. I don’t 
know, but it would be a good discussion. 

Senator King. Well 

Secretary MoNiz. There are discussions about getting Marcellus 
gas up to Canada. 

Senator King. Right. 

Secretary MoNiz. And that might provide an opportunity for 
moving gas more than New England. 

Senator King. That brings me to my next question. 

There is a discussion about reversing the Maritimes in the 
Northeast pipeline which runs through Eastern Maine from South- 
ern New England, from Massachusetts to Nova Scotia. Reversing 
it and then exporting the natural gas from Canada which would 
mean it would be technically not under the national interest re- 
view. I would hope that you would consider, as that project moves 
forward, the discussions inserting a requirement that that gas be 
divertible during times of peak demand rather than going to Can- 
ada that there be some provision that during peak demand it could 
be retained in the region. We can discuss this further, but I hope 
you will think about it. 

Secretary MoNiz. Well, there certainly will be a national interest 
determination. 

Senator King. Good, and I commend that issue to you. 

Quickly I want to associate myself with the comments of Senator 
Heinrich about distributed energy and storage. I recently re- 
watched, “The Graduate,” and the guy in that movie says, “Plastic.” 

Secretary MoNiz. Plastics. 

Senator King. Famously plastics. I would say if it were today he 
would say, “storage, energy storage.” [Laughter.] 

That is going to be a huge issue, and I think one of the things 
you can do and I think one of the troublesome issues here and this 
is a national security issue, it seems to me. It is also a sort of a 
private rights, personal rights interest to have energy generated at 
your house. 

But the challenge is what is the right number for the grid charge 
for backup and capacity? It has to be sufficient so that other rate- 
payers are not bearing the cost, but it also cannot be so high as 
to unreasonably burden this nascent development which I think is 
very important. It is going to happen anyway. 
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So I think another area where you could he very helpful to us 
is to have your smart people thinking about what would be the for- 
mula for determining a reasonable backup charge or reasonable ca- 
pacity, however you characterize it. Finally, to really help us start 
thinking about, I think, we have got to get to the point of real time, 
time of day, metering. There is great value to the grid if the solar 
is on at four in the afternoon. There is not so much value if it is 
ten in the morning. How to figure out those kinds of issues so that 
the compensation to the homeowner is fair and reasonable and also 
provides the proper incentives for that power being generated when 
we most need it? 

Secretary MoNiz. And again, that’s the whole issue of evaluation 
which we need to look at desperately. And it’s going to become 
more and more critical, including for what I would call, especially, 
maybe, semi rural areas that have a grid and distribution system 
and yet if, as people go perhaps off the grid, because storage be- 
comes useful, obviously that then spreads the cost over a smaller 
population. And it can be a real issue. 

So I think we have a real challenge as we look through what is 
an opportunity of the new technology possibilities and yet the tran- 
sition from our current model is going to have some real strains in 
the system. 

So 

Senator King. Thank you. 

Secretary MoNiz. You know. 

Senator King. Thank you, Mr. Secretary. Again, thank you for 
your work on the Iran negotiations. 

Secretary MoNiz. Thank you. 

Senator King. Thank you. Madam Chair. 

The Chairman. Thank you. Senator King. 

Mr. Secretary, I understand in response to questions from both 
Senator Gardner and Senator Barrasso where they probed a little 
bit on the issue of oil export you said for purposes of this QER you 
did not go into that, and I understand why. We are talking about 
infrastructure. 

But I also understand that this is one of those connects or nexus 
where if you have policy decisions that are made with infrastruc- 
ture today as it is in place you are probably not going to be pre- 
pared for tomorrow. Recognizing that when we are talking about 
the issue of oil exports and what that might do for increased pro- 
duction, domestically, bringing on new sources of supply which will 
then require additional infrastructure, that there is a connection 
there. 

I understand why you would defer on a question like this, but 
I do think that as we are talking about energy infrastructure and 
policies for the country going forward, we need to be looking at 
some of the antiquated policies that we have in place whether it 
is oil exports or otherwise and really visioning where we go with 
this. So I am going to keep pushing you on that, as I think you will 
have other members of this Committee do as well. 

It goes back to a comment that I made in my opening statement 
about the TransAlaska pipeline. We have a fabulous piece of infra- 
structure, truly an engineering marvel. 800 miles of pipe bisecting 
the state has been doing a pretty good job for 40 some odd years. 
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but if we do not have sufficient through put as we are getting to 
that point, you have that infrastructure that is no longer working 
at its capacity. 

At some point, we do not know exactly when, you lose that valu- 
able piece of infrastructure, and then what do you do? Then you 
really have stranded supply. 

So while you may not have evaluated whether or not we need to 
do more when it comes to offshore or how we get moving within 
NPRA or the merits of going after our phenomenal reserves within 
the ANWR, it does speak, again, to this nexus between our produc- 
tion domestically and our infrastructure there. 

I wanted to ask a little bit more about North American energy 
integration because I think that this is key. When we are talking 
about energy security, in my mind, it is not just the United States, 
it is our partners to the North in Canada and to the South in Mex- 
ico. And it is that North American energy security and integration. 

You spoke a little bit in previous responses about what we are 
doing to collect and share data. I think that that is critically impor- 
tant. But our reality is that we are still looking at these permitting 
delays for cross border pipelines, obviously Keystone XL is some- 
thing that is out there and the newest. It is not just Keystone XL, 
it is so much more that we have going between our borders to the 
north and to the south. 

Can you elaborate just a little bit more on how we really achieve, 
what I think you and I would agree, is critical not only to the 
United States but to our partners, Mexico and Canada as well? 
How do we get there? Because right now we cannot even get mov- 
ing with a simple swap between Canada or excuse me, between the 
United States and Mexico for our heavy — for our light, for their 
heavy. 

Secretary MONIZ. Right. 

Well, I think the, first of all this may sound like a very, you 
know, vanilla answer but I think one of the issues is we need to 
start a much stronger dialogue with both countries than we have 
had. In fact, I was kind of shocked frankly when I 

The Chairman. When you say start, we have all assumed that 
we have been having these dialogues. 

Secretary MoNiz. Well, yes, so it’s not — maybe start was not 
quite the right word, but I was trying to give the impression that 
it’s been nowhere near as robust as it should be. 

The Chairman. I would agree. 

Secretary MoNiz. Frankly, I was shocked, as I was about to say, 
when I went to Ottawa last year. It was apparently the first time 
the Secretary of Energy had been to Canada in well over a decade 
which was, kind of, surprising. 

We have now agreed that among the three energy ministers of 
the three countries that we will have at least an annual trilateral 
energy meeting. For example, the data agreement we signed last 
December. We also met together in, actually in Houston this past 
week and had a panel together. 

So part of it is we do have to have that discussion identifying 
issues. I can assure you that then issues like the, with Mexico, the 
swap were raised. And I will, you know, be part of that discussion 
in the Administration to at least examine that question. 
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Again, I don’t make that decision, but I think it’s a very impor- 
tant decision. 

We have just set up a joint task force that I will chair, I do chair, 
on the American side with Mexico. And in fact, will be in Mexico 
in May meeting with both the Energy and Environment Ministers. 

So I think we are — and the QER has been part of that frankly. 
It’s really been picking up the pace of this dialogue. 

So I think we’re mapping out a whole bunch of questions now 
that we need to address. And I want to make some progress in the 
next year and a half on this. 

I might add, by the way, the Mexican delegation, a subject that 
we’ve talked about before in a different context, but they, for exam- 
ple, also raised a desire to work closely together on something we 
have not worked on together which is methane hydrates, another 
issue. 

So I think we’re getting an agenda mapped out, and now the 
issue is to really go forward. 

The Chairman. Well, I would certainly encourage the Adminis- 
tration to be aggressive with this. We talk about it, and to hear you 
say that we have not had a Secretary of Energy visit Canada in 
a decade is really stunning. 

Secretary MoNiz. It was, it was, yeah, it was crazy. 

The Chairman. Yes, we can do better than this. 

Thank you. 

Secretary MoNiz. Right. 

The Chairman. Senator Cantwell. 

Senator Cantwell. Thank you. Madam Chair. 

Mr. Secretary, I had to step out for a moment, but I know that 
several members have been talking about the grid in general. Of 
this Quadrennial Energy Review the key recommendation for the 
immediate focus is about infrastructure and the grid is a big part 
of that. Is that right? 

Secretary MoNiz. Oh, yes, absolutely, one of our four, kind of, 
major core areas. 

Senator Cantwell. Right. 

So part of my question is we have, in previous legislation, done 
a lot of focus for states to help us in discussing where to go on grid 
modernization and try to get various schematics in place and 
microgrid systems and figuring out how to get those microgrids to 
connect to the larger grid and obviously the issue of cyber security 
becoming a larger issue. That is mentioned in the report as well. 

Obviously DOE plays a major role in this. What are the sche- 
matics that you think we should be looking at on the grid? What 
kind of research and development should we be doing? I almost 
wanted to ask you before about why transformers are so important, 
maybe explain that a little bit? 

Clearly there are some key approaches that we could take as a 
Federal entity to push further on where the grid needs to go, and 
you have done a good job on the report of combining the elements 
of different types of energy sources. Obviously, I do not think it is 
called out so specifically in the report. 

But to me the biggest advent here is just the notion of distrib- 
uted generation. The same kind of innovation that the internet 
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brought us is bringing us distributed generation opportunities for 
energy, which means then how will it become a platform? 

So how would you approach this next phase of working on grid 
modernization? 

Secretary MoNiz. Well, on the R and D side that you mentioned. 
I mean, you know, in broad strokes, I think the much more aggres- 
sive introduction and utilization of IT with the grid is absolutely 
critical. 

Just again, as an anecdote last week when we were up at PICO 
in Philadelphia to release the QER when we were in the control 
room and we saw where the data are coming in from these syncho 
phasor measurements which is a wonderful new technology. But 
the fact is it had not been integrated into an operational system 
yet. So we have a long way to go yet to fully realize the benefits 
of IT in the system. 

And that’s both for the transmission system, the high voltage 
system and it’s true for the distribution system. 

Then, secondly, of course, the more we introduce IT, the more we 
have to address the cyber vulnerabilities. That goes hand in hand. 
So that’s a second major area. 

A third major area that you 

Senator Cantwell. But isn’t it more that with so many trans- 
actions and e-commerce and everything living online that if we do 
not harden the electricity grid or make it redundant in various 
ways? 

Secretary MoNiz. Yeah. 

Senator Cantwell. That we are going to be susceptible. 

Secretary MoNiz. Yeah, it feeds back, yeah. So we need the cyber 
protection of the grid so that it in turn, is available to support all 
the other commerce, electronic commerce, that we have. 

A third area, you touched upon it, is actually, I would say, the 
integrating the ideas of distributed generation and microgrids. 
Again, as one example of a project that helped shape some of our 
thinking in terms of the resiliency recommendations. We cost 
shared with the State of New Jersey, a design of a so-called 
microgrid, except it’s not so micro, like 50 to even more megawatts 
of distributed generation in a microgrid to protect, to make resil- 
ient, a critical transportation corridor. 

We put in relatively small funds to do the design work, and then 
they were successful in getting, essentially, a post Sandy, DOT 
grant, hundreds of millions of dollars to implement it. So both the 
architecture, DG and microgrids is important, but also this idea of 
Federal, of our leveraging funds to then have big infrastructure 
projects done is a good model that we use here. 

So those are important. 

On transformers the issue is really that these large transformers, 
typically to step down from very high voltage to a lower voltage 
tend to be probably more than they need to be. They tend to be 
rather unique and very, if you have a problem, very hard to re- 
place. They cost millions of dollars each. It may take six months 
to replace it. And you’ve got a big problem. 

And so, so that’s why we’re thinking of working with utilities to 
see if we can’t have a private/public partnership to have a more 
uniform way of having backups for key transformers. 
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Senator Cantwell. Well, I think efficiency screams out in your 
report as a big savings for all of us. 

Secretary MoNiz. Yes. 

Senator Cantwell. And I hope that we will take your rec- 
ommendations and go one step further. What is it the grid invest- 
ment will get us juxtaposed to ignoring it? 

Secretary MoNiz. Right. 

Senator Cantwell. And having cyber threats or ignoring it and 
thinking about the climate impacts that we saw, devastating sub- 
stations. 

Secretary MoNiz. Yes. 

Senator Cantwell. And everything else. So we clearly are 
spending billions of dollars in aftermath repairs, and we can be 
smarter about that. 

Secretary MoNiz. There’s a nice graph in there also that shows 
that over the last decade of dramatically increasing, in terms of 
outages, is the impact of extreme weather. 

Senator Cantwell. Yes. 

Secretary MoNiz. And it has just grown enormously. 

Senator Cantwell. Thank you. 

Secretary MoNiz. Yeah. 

The Chairman. Senator Hoeven. 

Senator Hoeven. Thank you. Madam Chairman. 

I actually want to pick up on a question that you just posed. 

Mr. Secretary, thanks for coming to North Dakota’s part of the 
QER process. We appreciate it very much. 

The QER recognizes the growth and importance of energy and 
development in places like my state of North Dakota and elsewhere 
as well as the need to update and expand our energy infrastructure 
as part of building an energy plan for this country, but it also dis- 
cusses the importance of partnering with our friends and allies, 
Canada and Mexico. 

How do you expect that we are going to build our relationship, 
a better relationship on energy, with Canada if we do not approve 
the Keystone XL pipeline? 

Secretary MoNiz. Well, again, the QER nor I are going to com- 
ment on a specific project, but we do note that first of all in terms 
of pipelines, we already have more than 75 lines across the border. 
And it 

Senator Hoeven. Is that making the argument for Keystone or 
against it? 

Secretary MoNiz. It was a completely neutral statement of data. 

[Laughter.] 

I’m a very data driven person and those are some — I believe 74 
is the exact number, in fact. 

I’ll just add in terms of, you know, working with Canada that we 
have right now more than four gigawatts of applications for high 
voltage transmission lines to bring hydro down. One of those, 
Champlain-Hudson, in fact, just got its final permits. 

My point is we have a big energy relationship with Canada. We 
want to grow it more. That’s independent of any specific project. 

Senator Hoeven. Along those lines, I am working on bipartisan 
legislation. It is the North American Energy Infrastructure Act, 



56 


and it is designed to do what you just said, help build energy infra- 
structure so that we can work with Canada and Mexico. 

North America has an incredible opportunity here, all forms of 
energy. So we are talking not just pipelines, but also transmission 
lines, rail and road, all in the right mix to move energy 

Secretary MONIZ. I might add. 

Senator Hoeven. Efficiently and cost effectively and safely. 

Secretary MoNiz. Yeah. I would just add to your list waterways 
as well. 

Senator Hoeven. Waterways too. Is that something you would be 
willing to help work on? 

Secretary MoNiz. Absolutely, happy to chat as we always do. 

Senator Hoeven. Thank you. 

Again, it is not just transmission and pipeline, but we have got 
railroads out there that are working to build more rail. We need 
capacity in all these areas. And not even just for energy. 

Secretary MoNiz. Right. 

Senator Hoeven. That is one of the things the QER talks about 
are those constraints. 

So how can you help us advance this legislation? How can you 
help us knock down some of these regulatory barriers so that we 
can build this infrastructure? 

This is private investment. We want to do it right. We want to 
do it well, but we have got to get them through the regulatory con- 
straints. 

Secretary MoNiz. Yeah. I think, again. I’d be happy to work with 
you. Senator Hoeven. 

But partly also in the way, perhaps as maybe helping out as a 
gateway to other agencies as well because clearly responsibilities 
for the issues that you are addressing are spread across multiple 
agencies. The Department of Energy has relatively little, you know, 
we do the presidential determination for electricity lines but obvi- 
ously not for other kinds of transport. 

Senator Hoeven. It would be great if maybe you could be per- 
haps the link in an interagency effort so that we could streamline 
the process. Maybe that is a good role for DOE? 

Secretary MoNiz. That’s something we could certainly discuss, 
absolutely. 

Senator Hoeven. I would like to 

Secretary MoNiz. In the same sense that we were the Executive 
Secretary for this QER. 

Senator Hoeven. Right. 

Secretary MoNiz. Yeah. 

Senator Hoeven. I would like to switch to another item that I 
am thinking I did not get to watch all the testimony, but perhaps 
the Chairman brought up oil export. This is an important issue in 
many respects, not only in terms of our economic growth and build- 
ing our energy industry here at home, but also in helping drive 
more supply, reduce the price at the pump. 

Give me your position on oil export and how we should approach 
lifting the oil export ban? 

Secretary MoNiz. My position is that that is a responsibility of 
the Department of Commerce, but I’ll make a few observations. 



57 


The — which I did last week in Houston and — conference. And 
this is not dispositive in any way about whether we should or 
should not or how we should lift oil exports. It’s a bigger discus- 
sion. 

But I do think in that discussion is very important to have in the 
context of, you know, of the ground truth today that we still import 
seven billion barrels of oil per day. That’s not, again, say yes or no, 
on the question that you posed. But we should remember that in 
contrast to LNG where we are and soon will be more than self-suf- 
ficient in natural gas, we remain large importers of crude and still 
significant importers of net petroleum and petroleum products. 

So that’s the reality. 

So the issue in the end becomes the one that you did point out. 
Would a lifting of exports result in a significant increase in produc- 
tion or not? 

I think that’s a question which is not often enough focused on in 
terms of analysis. And certainly it’s probably the case and times 
change, but today with what’s happening with oil prices, etcetera, 
and it might be a hard case to make that one would see a huge 
response in terms of production. But that’s the question to address. 

Senator Hoeven. What I would ask, Mr. Secretary is that you 
work with us just as you worked with us on the LNG export issue 
and we appreciate that. I think it has been very helpful and pro- 
ductive working with your office. I think we have legislation now 
that we have a real opportunity to pass, and your effort has been 
significant and important in that effort. I would ask for that same 
help and willingness to work together on the oil export ban. 

Secretary MONIZ. Again, I’m happy to do that. Just again, with 
the proviso understood that those are responsibilities not in the De- 
partment of Energy. But nevertheless I’m happy to take part in a 
dialogue and maybe make, help make, some of the linkages to 
other parts of the Administration. 

Senator Hoeven. Thank you. 

Secretary MoNiz. Yeah. 

The Chairman. Thank you. Secretary Moniz. 

And know that last week we had very interesting discussion here 
with Mr. Sieminski talking about the impact of Iran sanctions and 
that effectively by not removing the oil export ban we keep in place 
or we impose domestic sanctions on U.S. oil but look forward to 
continuing that conversation. 

Secretary MoNiz. I might add that you probably discussed but 
that EIA has done a whole series of reports that will culminate in 
June, analyses of relevance to the oil export discussion. 

The Chairman. Yes. We are looking forward to those as well. 

Let us go to Senator Franken. 

Senator Franken. Thank you. Madam Chair. 

I would just put a word in for a caution on the level of export 
of LNG. Minnesota produces no LNG, and we like to keep the cost 
down so for generation of electricity, for manufacturing, for heat- 
ing. So there are, I believe, the Energy Information Agency has 
said that it would lead to cost rises in the United States if we do 
export and especially if we export a significant amount. 

Mr. Secretary, I would like to talk about renewable energy pro- 
duction on Indian lands. Our tribes in Minnesota and elsewhere 
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have tremendous renewable energy resources. In Minnesota, bio- 
mass and wind and solar too, but if you have ever gone to Arizona 
you would know that there is tremendous solar there. With distrib- 
uted energy as a goal and microgrids as a goal, I would like to see 
that energy team up with Indian energy to pilot programs there for 
microgrids and for distributed energy because it would create jobs 
in Indian country and it would also be a wonderful place for us to 
pilot program, you know, cutting edge technology and to see where 
that leads. 

So I would just recommend to you thinking about Indian when 
Senator King talked about storage as the word they use in “The 
Graduate” now for plastics. It would not be because the whole point 
of that line was to make fun of that guy. Storage is really, really 
cool. [Laughter.] 

And really cutting edge. So as a former satirist I can tell you — 

Secretary MONIZ. Right. 

Senator Franken. Today, no. Storage would not be used instead 
of plastics, and I take tremendous issue with the Senator from 
Maine. [Laughter.] 

Secretary MoNiz. Where have you gone Joe DiMaggio, right? 

Senator Franken. Very good. [Laughter.] 

Now that is a reference to the soundtrack from “The Graduate” 
and for those of us of a certain age. 

I also want to just ask a little bit about — so would you look into 
that? 

Secretary MoNiz. I would love to collaborate on that. 

Senator Franken. Yes. 

Secretary MoNiz. And also by the Indian country and Alaskan 
native villages, etcetera. I am going to ask for some help in fact. 
We have a program on Indian energy, and I think it is very effec- 
tive in terms of what it does with a very limited budget. 

Senator Franken. Yes. 

Secretary MoNiz. In fact it’s authorized only with a cap on its 
budget. 

However, we do have a proposal in the budget that I would like 
to bring to your attention, actually you and the Chair, which is we 
requested, to be honest, I think it was not funded in the House 
mark, $11 million for a loan guarantee program for Indians and en- 
ergy, Alaska, native villages. The idea there is that while it’s $11 
million of credit subsidy it probably could leverage like $100 mil- 
lion of actual projects which is way above the budget that we have 
for Indian energy. 

So I’d be happy to come and discuss that in more detail and work 
through what we could do there. 

Senator Franken. Well 

Secretary MoNiz. And the idea would be like sub megawatt 
projects. 

Senator Franken. As the Chair and I know that the funding lev- 
els very often for Indian and Native peoples is incredibly low. I 
really believe that combined heat and power is something that the 
Chairman and I agree, you know, are enthusiastic about. 

Secretary MoNiz. Yeah. 

Senator Franken. So that is biomass very often and so those 
kind of distributed energy. 
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I also, since I am running out of time, just want to touch on 
methane and the importance of capturing it because the green- 
house effect of methane is so much greater than that of CO2. 

Secretary MONIZ. Right. 

Senator Franken. That we need to really capture that. 

Secretary MoNiz. Right. 

And in our work, including in the QER, so we have two focus 
areas for DOE. There’s other focus areas in terms of the production 
side, but we look, particularly, at the T and D infrastructure and 
on the natural gas transmission — distribution side. We have just a 
tremendous amount of old, you know, cast iron pipe and bare steel. 
It’s both a safety and a climate challenge. 

We propose a program to, fundamentally, to support low income 
households as accelerated replacement programs are absorbed into 
rates. So that’s an example of what we want to do there for both 
safety and environmental reasons. 

And in addition we’re working on compressors which are the big- 
gest loss point on the natural gas transmission system. 

Senator Franken. Thank you. 

Thank you. Madam Chair. 

The Chairman. Thank you. Senator Franken. I look forward to 
working with you on some of these Office of Indian Energy issues. 

Senator Cassidy. 

Senator Cassidy. Thank you. 

Mr. Secretary, I am about to ask a bunch of questions I do not 
know the answer to. 

Secretary MoNiz. We don’t either. [Laughter.] 

Senator Cassidy. I hope you do, but if you say you do not, I ac- 
cept that. 

What has been in the news lately is the Uranium One sale to 
Russia. It may not be Uranium One, but the Canadian company 
that gave contributions to the Clinton Foundation, they had ura- 
nium mining rights across the world including the Western United 
States and subsequently have sold to a Russian concern. 

There is a certain scandal involved. I am not here to discuss the 
scandal. What I am interested in is, and I think it is ARMZ that 
currently has these holdings, what percent of actively mined U.S. 
uranium resources are controlled by the Russian concern? Do you 
know that? 

Secretary MoNiz. I do not. I wasn’t aware of any, to be honest, 
but I don’t know the answer. But I can look into that. I don’t know 
the issue. I’m sorry. Yeah. 

Senator Cassidy. Okay, then if you do not know the issue it may 
not work for any of these because the second question would be I 
understand, again, that the Russians now claim to control a signifi- 
cant portion of world uranium deposits. In which case, can they 
choose to increase price by limiting supply? Again, I ask this for 
no other reason that I think there is national security issues at 
stake. 

Secretary MoNiz. Again, I’ll have to look at this. And I’m happy 
to get back to you. 

However, it’s a little bit surprising in a sense that I believe the 
largest reserves are in Kazakhstan and the second largest, I be- 
lieve, are Australia. 
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Senator Cassidy. They own those too. 

Uranium One had holdings. They combined with the South Afri- 
can firm, and they purchased Australia and the Kazak reserves or 
maybe the Russians already had the Kazak, but I think actually 
the Uranium One then purchased. 

This is in a New York Times article. 

Secretary MONIZ. I didn’t see it, so. I’m sorry. 

Senator Cassidy. But they now own reserves in the Western 
United States which, I gather, are being exported to Canada, the 
mined material even though it is not allowed for Uranium One, but 
the trucking company is allowed to export. So it seemed, kind of, 
like a loophole. 

Well, I will submit these questions for the record since you do 
not know the answers. 

Secretary MoNiz. Okay. 

Senator Cassidy. Again, it just seems of incredible importance to 
our national security and to our energy security, so that is why I 
ask. 

Secretary MoNiz. Okay, well I’ll look into it, sir. 

Senator Cassidy. Thank you. 

The Chairman. Thank you. Senator Cassidy. 

We are just about to the noon hour. 

I have a couple of quick questions for you and one follows on 
your discussion with Senator Franken about what the Office of In- 
dian Energy is doing. I think we have seen some good things. I will 
look forward to discussing this loan guarantee with you a little bit 
more. 

I think we recognize that in places like Alaska and in going back 
to the discussion about how we partner with Canada and some of 
our infrastructure issues, we know that heat is the biggest energy 
challenge in the North, not necessarily electricity. So recognizing 
that the QER is looking to partner with Canada on energy delivery 
to remote areas is just something that I want to work with you on. 
I want to try to explore some of the different delivery systems that 
you are talking about there, whether it is space heating, efficient 
design housing technologies. 

I was up in Iqaluit in the Nunavut Territory with Secretary of 
State on Friday. You realize how isolated these communities are, 
even communities of significant size and significant resource, but 
the challenges that they face, they also are exclusively powered by 
diesel. 

Secretary MoNiz. And expensive. 

The Chairman. Extraordinarily, extraordinarily expensive. 

So how we deal with this? We have got so much to learn from 
one another. This is where, I think, we have certain advantages 
coming at us as we take over the Chair of the Arctic Council is how 
we can be partnering with our northern neighbors in under- 
standing some of the best technologies that are out there. 

I would encourage us to look at what we have been developing 
in Alaska whether it is the Cold Climate Housing Research Center, 
the innovative technologies that have been coming out of there 
with regards to sustainable design, building community capacity. 
We really do have some remarkable models, so this is something 
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that I encourage us to really partner with you on. We have some 
key opportunities. 

The final issue that I want to bring up relating to Alaska is the 
recommendations. There are two of them. One is the Remote Com- 
munity Renewable Energy Partnership, and the other is this co- 
ordination with Canada. Again, I am pleased with the direction 
that we are looking there but want to know that we are working 
together in this. 

With regards to the Remote Community Renewable Energy Part- 
nership, the QER states that the State Department with this part- 
nership will construct a high penetration wind/diesel hybrid system 
in a rural Arctic community. 

Now it suggests that it is one project that they are looking to 
help build out, but when you take into account what we have done 
in the State of Alaska since 2008, we have invested more than 
$247 million to 275 renewable energy projects across the state 
through our state’s renewable energy grant fund. We funded $5.5 
million to 20 emerging energy technology projects. We spent more 
than $600 million on making homes more energy efficient. So it has 
been a total of about $850 million that the state has invested with 
its expertise and just all that it is doing. 

I am hoping that when we are reading what is coming out of the 
QER it is it is not just limited to a single project that you are look- 
ing at with the Remote Community Renewable Energy Partner- 
ship, but again, looking to how we can build off of what the state 
has already done, is continuing to do, but really develop a stronger 
partnership there. 

Secretary MoNiz. Yeah and again, I would welcome that and I 
think, as you know, we do have, I think it’s in Anchorage is where 
they’re located, a person from NREL and a person from NETL 
there. And they might be good conduits for looking at how the state 
programs and what we do could be synched up. 

The Chairman. We will work together on that. 

Secretary MoNiz. Because we do have those people based in Alas- 
ka. 

The Chairman. Yes. My last question for you is regarding the 
spent nuclear fuel, and there is very little in the QER about nu- 
clear energy and really nothing about the back end of the fuel 
cycle. 

We have been working on this. I truly appreciate how you have 
interacted with, not only Senator Cantwell and myself, but Sen- 
ators Alexander and Feins tein on this issue, but why is this not ad- 
dressed in the QER? 

Secretary MoNiz. Well, again, the QER was on infrastructure 
and moving energy around as opposed to the — concerning nuclear 
power. I think you’re correct. We could have put something in there 
in terms of transportation of spent fuel, for example. 

We do have in our budget request for FY16, $6.9 million, I think, 
specifically to address the transportation questions of spent fuel in- 
cluding the kinds of rail casks you would need, etcetera. So that’s 
in there. But otherwise we did not address that in the QER. 

But again. I’m happy to keep talking about that including the 
storage options and the transportation option, developing consent 
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based processes and looking at the defense waste pathways that we 
can now pursue. So I think it’s a full agenda. 

The Chairman. It is. 

Secretary MONIZ. And I look forward to working on that. 

The Chairman. It is a full agenda, and we are going to be having 
a hearing on our nuclear waste legislation in the next month and 
a half or so. 

Secretary MoNiz. Excellent. 

The Chairman. So we will look forward to your comments on 
that. 

Secretary MoNiz. Great. 

The Chairman. Obviously you have presented a great deal 
through this QER, and we appreciate that. But again, I think it is 
going to be incumbent on you and your team at DOE and those of 
us here at the Committee and on the House side as well, to really 
figure out, okay, how do we move forward with this? How do we 
keep up the level of engagement? 

Secretary MoNiz. Right. 

The Chairman. How do we make sure that this is more than just 
talk? Because the need is so clearly there. 

Secretary MoNiz. Yes. 

The Chairman. That we are limiting ourselves. We are limiting 
our economic opportunities. We are limiting our potential as a na- 
tion when we do not focus on a longer term view of our energy in- 
frastructure. 

If we cannot move it around to where the people are, if we can- 
not do it safely and in an environmentally responsible and a cost 
effective way, the rest of the system just does not work. So work 
with us to make sure that we have a real action plan moving for- 
ward. 

Secretary MoNiz. Great. 

The Chairman. And I look forward to that. 

Secretary MoNiz. We are very eager. And in fact, we’ve also, it’s 
not in the plan, but we can share this, come back and talk about 
what our recommendations in the plan that, you know, which ones 
could we pursue with, you know, current authorities in the Admin- 
istration and which ones — and that’s relatively few verses all those 
that will need action in this body. 

The Chairman. Yea. 

Secretary MoNiz. And so I have no interest in having a wonder- 
ful monument on a library shelf as opposed to an implementation 
plan. 

And we will be turning now both to implementation issues of 
QER One and starting to think now about a second round of QER 
Two because this clearly was only one slice of the overall picture, 
yeah. 

And also, if I may, just repeat something I said earlier on. I 
think it follows on what you said that the decisions we take, I 
think, will be very important for shaping the energy system for 
decades. But the decisions we don’t take will be equally important. 

The Chairman. True. [Laughter.] 

Secretary MoNiz. Doing nothing is not neutral in this business. 

The Chairman. I agree. And it ought not be an option either. 

Secretary MoNiz. Right. 
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The Chairman. So we look forward to working with you. 

Senator Cantwell. 

Senator Cantwell. I know we are closing out here as we get to 
the noon hour. I just, again, want to thank the Secretary for the 
report and heading that up in coordination with other agencies. I 
certainly appreciate the climate goals that are in the report as well. 

More specifically, I want to work with you on, I think it was 
something like, one million people currently work in energy trans- 
mission but we think there will be an additional 1.5 million by 
2030. That is the need. 

Secretary MONIZ. In energy. 

Senator Cantwell. I have no doubt that we need to skill up a 
lot of the American workforce if we are going to meet that demand 
and that goal. It is as you said, IT meeting the grid. It is an excit- 
ing opportunity, but I think at the base level there is a lot of work 
to do whether that is through DOE or interagency work, or appren- 
tice programs or many other things. I think skilling the workforce 
is going to be a critical aspect of meeting the energy needs of the 
future. 

Secretary MoNiz. We have formed, not so long ago, a jobs strat- 
egy council at DOE under the very able leadership of someone 
named Dave Foster. I’d be delighted to have him come up and meet 
with you and your staff or others. 

Senator Cantwell. Thank you. 

Secretary MoNiz. Because I think making some real progress in 
a number of dimensions including the issue of veteran hiring into 
the energy arena. But they’re involved also with community college 
programs, all kinds of issues in terms of driving a jobs agenda for 
energy. 

Senator Cantwell. Thank you. 

Secretary MoNiz. You know. 

Senator Cantwell. Thank you, Mr. Secretary. 

The Chairman. Thank you very much. 

With that we stand adjourned. 

[Whereupon, at 11:57 a.m. the hearing was adjourned.] 
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In June 2013, through the President’s “Climate Action Plan” and in response to a 201 1 
recommendation by the President’s Council of Advisors on Science and Technology, President 
Obama initiated a quadrennial cycle of energy reviews to provide a multi-year roadmap for 
US. energy policy. In a Presidential Memorandum released on January 9, 2014 (see page iii 
for full text), President Obama directed his Administration to conduct a Quadrennial Energy 
Review (QER) and identified infrastructure as the focus of its first installment:’ 


This first-ever review will focus on infrastructure challenges, 
and will, identify the threats, risks, and opportunities for 
U.S, energy and climate security, enabling the Federal 
Government to translate policy goals into a set of 
analytically based, clearly articulated, sequenced and 
integrated actions, and proposed investments, . . 


The President also announced the formation of a White House Task Force— co-chaired by 
the Director of the Office of Science and Technology Policy and the Special Assistant to the 
President for Energy and Climate Change from the Domestic Policy Council and comprised of 
22 Federal agencies with equities in energy— to develop the QF,R. The Task Force is directed 
to deliver a report to the President that includes the following: 


Provides an integrated view of, and recommendations for, Federal energy policy in 
the context of economic, environmental, occupational, security, and health and safety 
priorities, with attention in the first report given to the challenges facing the Nation’s 
energy infrastructures. 

Reviews the adequacy of existing executive and leghslative actions and recommends 
additional executive and legislative actions as appropriate. 

Assesses and recommends priorities for research, development, and demonstration 
programs to support key energy innovation goals. 

Identifies analytical tools and data needed to support further policy development and 
implementation. 


QER Report: Energy Transmission, Storage, and Distribution Infiastruaure | April 2015 



67 


Ihe President further directed the Department of Energy (DOE) to provide analytical support 
for the QER and to help manage the interagency process through a secretariat at DOE. Ihis is 
consistent with DOE’s missions and statutory responsibilities. DOE has undertaken periodic 
reviews and analyses of the energy sector (including in the “National Energy Strategy” of 
1 99 1 and the “Comprehensive Energy Strategy” of 1998) and contributed to the work of the 
National Energy Policy Development Group led by the Vice President in 2001, but the last 
national energy policy report was published nearly 14 years ago, and the U.S. energy system 
has changed very significantly over that period. The Presidential Memorandum on the 
QER recognizes that such a review is overdue and the high value of the White House as the 
convener of such an effort. It also reinforces the equities that multiple agencies have in Eederal 
energy policy. 

As directed by the President, the QER is envisioned as a focused, actionable document 
designed to provide policymakers, industry, investors, and other stakeholders with unbiased 
data and analysis on energy challenges, needs, requirements, and barriers that will inform a 
range of policy options, including legislation. Each installment of the QER will analyze and 
make recommendations for a key component of the energy value chain. 


' The White House. "Obama Administration I.aunche.s Quadrennial Energy Review." January 9,2014. 

fvEtps://wv,AA/.whitehofJse.gov/the-press-office/2014/01/Q9/presidential-mpmorandum'establishing- 

quadrenniat-eoerqy-revievv. Accessed January 15,2015. 
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The White House 

January 09, 2014 


Presidential Memorandum — Establishing a Quadrennial Energy Review 
MEMORANDUM FOR THE HEADS OF EXECUTIVE DEPARTMENTS AND AGENCIES 


Affordable, clean, and secure energy and energy services are essential for improving US. economic 
productivity, enhancing our quality of life, protecting our environment, and ensuring our Nations 
security. Achieving these goals requires a comprehensive and integrated energy strategy resulting 
from interagency dialogue and active engagement of external stakeholders. To help the Federal 
Government better meet this responsibility, I am directing the undertaking of a Quadrennial 
Energy Review. 

The initial focus for the Quadrennial Energy Review will be our Nations infrastructure for 
transporting, transmitting, and delivering energy. Our current infrastructure is increasingly 
challenged by transformations in energy supply, markets, and patterns of end use; issues of aging 
and capacity; impacts of climate change; and cyber and physical threats. Any vulnerability in 
this infrastructure may be exacerbated by the increasing interdependencies of energy systems 
with water, telecommunications, transportation, and emergency response systems. The first 
Quadrennial Energy Review Report will serve as a roadmap to help address these challenges. 

The Department of Energy has a broad role in energy policy development and the largest role in 
implementing the Federal Governments energy research and development portfolio. Many other 
executive departments and agencies also play key roles in developing and implementing policies 
governing energy resources and consumption, as well as associated environmental impacts. In 
addition, non-Federal actors are crucial contributors to energy policies. Because most energy and 
related infrastructure is owned by private entities, investment by and engagement of the private 
sector is necessary to develop and implement effective policies. State and local policies; the views 
of nongovernmental, environmental, faith-based, labor, and other social organizations; and 
contributions from the academic and non-profit sectors are also critical to the development and 
implementation of effective energy policies. 

An interagency Quadrennial Energy Review Task Force, which includes members from all 
relevant executive departments and agencies (agencies), will develop an integrated review of 
energy policy that integrates all of these perspectives. It will build on the foundation provided in 
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my Administrations Blueprint for a Secure Energy Future of March 30, 20 U, and Climate Action 
Piart released on June 25, 2013. The Task Force will offer recommendations on what additional 
actions it believes would be appropriate. These may include recommendations on additional 
executive or legislative actions to address the energy challenges and opportunities facing the 
Nation, 

Therefore, by the authority vested in me as President by the Constitution and the laws of the 
United States of America, I hereby direct the following: 

Section 1. Establishing the Quadrennial Energy Review Task Force. 

(a) There is established the Quadrennial Energy Review Task Force (Task Force), to be co-chaired 
by the Director of the Office of Science and Technology Policy and the Director of the Domestic 
Policy Council, which shall include the heads of each of the following, or their designated 
representatives: 

(i) the Department of State; 

(ii) the Department of the Treasury; 

(iii) the Department of Defense; 

(iv) the Department of the Interior; 

(v) the Department of Agriculture; 

(vi) the Department of Commerce; 

(vii) the Department of Labor; 

(viii) the Department of Health and Human Services; 

(ix) the Department of Housing and Urban Development; 

(x) the Department of Transportation; 

(xi) the Department of Energy: 

(xii) the Department of Veterans Affairs; 

(xiii) the Department of Homeland Security; 

(xiv) the Office of Management and Budget; 

(xv) the National Economic Council; 

(xvi) the National Security Staff; 

(xvii) the Council on Environmental Quality; 

(x\dii) the Council of Economic Advisers; 

(xix) the Environmental Protection Agency; 
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(xx) the Small Business Administration; 

(xxi) the Army Corps of Engineers; 

(xxii) the National Science Foundation; and 

(xxiii) such agencies and offices as the President may designate. 

(b) The Co-Chairs may invite independent regulatory agencies with energy-related 
revsponsibilities, including the Federal Energy Regulatory Commission and the Nuclear Regulatory 
Commission, to participate in the Task Force, as determined to be appropriate by those agencies. 

(c) The Co-Chairs shall regularly convene and preside at meetings of the Task Force and shall 
determine its agenda. Under the direction of the Co-Chairs, the Task Force shall: 

(i) gather ideas and advice from State and local governments, tribes, large and stnall 
businesses, universities, national laboratories, nongovernmental and labor organizations, 
consumers, and other stakeholders and interested parties; and 

(ii) coordinate the efforts of agencies and offices related to the development of the 
Quadrennial Energy Review Report, as described in sections 1 and 2 of this memorandum. 

(d) The Secretary of Energy shall provide support to the Task Force, including support for 
coordination activities related to the preparation of the Quadrennial Energy Review Report, policy 
analysis and modeling, and stakeholder engagement. 

(e) The Task Force shall submit a Quadrennial Energy Review Report to the President every 
4 years beginning with a report delivered by January 31, 2015. Intermediate reports and other 
material maybe prepared by the Task Force as required by the President. 

Sec. 2. The Quadrennial Energy Review Report. 

The Task Force shall establish integrated guidance to strengthen US. energy policy. Building 
on the Blueprint for a Secure Energy Future and the Climate Action Plan, and taking into 
consideration applicable laws and regulations, the Task Force shall prepare a Quadrennial Energy 
Review Report that: 

(a) provides an integrated view of, and recommendations for. Federal energy policy in the context 
of economic, environmental, occupational, security, and health and safety priorities, with attention 
in the first report given to the challenges facing the Nations energy infrastructures; 

Cb) reviews the adequacy, with respect to energy policy, of existing executive and legislative 
actions, and recommends additional executive and legislative actions as appropriate; 

(c) assesses and recommends priorities for research, development, and demonstration programs to 
support key energy-innovation goals; and 

(d) identifies analytical tools and data needed to support further policy development and 
implementation. 
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Sec, 3. Outreach. 

In order to gather information recommendations and to provide for a transparent process in 
developing the Quadrennial Energy Review Report, the Task Force shall engage with State and local 
governments, tribes, large and small businesses, universities, national laboratories, nongovernmental 
and labor organizations, and other stakeholders and interested parties. The Task Force shall develop 
an integrated outreach strategy that relies on both traditional meetiiigs and the use of information 
technology. 

Sec. 4. General Provisions. 

(a) 'Ihis memorandum shall be implemented consistent with applicable law and subject to the 
availability of appropriations. 

(b) Nothing in this memorandum shall be construed to impair or otherwise affect: 

(i) the authority granted by law to any agency, or the head thereof; or 

(ii) the functions of the Director of the Office of Management and Budget relating to budgetary, 
administrative, or legislative proposals, 

(c) Nothing in this memorandum .shall be construed to require the disclosure of confidential business 
information or trade secrets, classified information, law enforcement sensitive information, or other 
information that must be protected in the interest of national security or public safety. 

(d) 'Ihis memorandum is not intended to, and does not, create any right or benefit, substantive or 
procedural, enforceable at law or in equity by any party against the United States, its departments, 
agencies, or entities, its officers, employees, or agents, or any other person. 

(e) Ihe Director of the Office of Science and Technology Policy is authorized and directed to publish 
this memorandum in the Federal Register. 


BARACK OBAMA 
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TRANSFORMING U.S. 

ENERGY INFRASTRUCTURES 
IN A TIME OF RAPID CHANGE: 

THE FIRST INSTALLMENT OF THE 
QUADRENNIAL ENERGY REVIEW 


SUMMARY FOR POLICYMAKERS 

The U.S. energy landscape is changing. The United States has become the worlds leading producer of 
oil and natural gas combined. The country is less dependent on foreign oil, as a percentage of national 
oil consumption, than it has been since 1971. Current cars can go farther on a gallon of gas than ever 
before. Between 2005 and 2014, US. consumption of motor gasoline fell 2.6 percent despite population 
growth of 7.6 percent and gross domestic product growth of 13.0 percent. Additionally, as a result of 
changes in economic structure and conditions, and policies to promote energy efficiency, US. electricity 
consumption was flat over that 10-year period and total energy use declined by 1 .9 percent.’ 

The composition of the Nations energy supply has also started to shift: petroleum consumption is flat 
and coal consumption is declining, while the use of natural gas and renewables is growing. In 2014, 
renewable energy sources accounted for half of new installed electric-generation capacity, and natural 
gas units made up most of the remainder. Electricity generation from wind grew 3.3-fold between 
2008 and 2014, and electricity generation from solar energy grew more than 20-foId. 

The focus of US. energy policy discussions has shifted from worries about rising oil imports and 
high gasoline prices to debates about how much and what kinds of US. energy should be exported, 
concerns about the safety of transporting large quantities of domestic crude oil by rail, and the 
overriding question of what changes in patterns of US. energy supply and demand will be needed— 
and how they can be achieved—for the United States to do its part in meeting the global climate 
change challenge. 


The figures in this and the succeeding paragraph are from: Energy Information Administration. “Monthly Energy Review’* 
March 2015, v'vww.eia.gov/totalenefgy/data/monthly/pdf/mer.pdf. The population data are from: Census Bureau. 
“Population Estimates.” vwvw.census.gov/popest/. Accessed April 5,2015. 
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SLinifnary: The First Installment of the Quadrennial Energy Review 


In the “Climate Action Plan” unveiled by President Obama in June 2013, he directed his Administration to 
initiate an interagency Quadrennial Energy Review (QER) to help ensure, in this dramatically changing energy 
landscape, that Federal energy policy is appropriately matched to the Nations economic, security, and climate 
goals. The approximately annual installments of the QER over the ensuing 4 years are to focus on different 
components of the Nation’s energy system — resource extraction and processing, energy transport and storage 
infrastructure, electricity generation, energy end-use — providing findings and recommendations on how 
Federal energy policy can best complement and incentivize state, local, tribal, and private sector actions so as 
to meet ongoing and emerging challenges and take advantage of new opportunities. 

This first installment of the QER addresses infrastructures for energy transmission, storage, and distribution 
(TS&D), broadly defined as infrastructures that link energy supplies, carriers, or by-products to intermediate and 
end users. This focus was chosen because the dramatic changes in the U.S. energy landscape have significant 
implications for TS&D infrastructure needs and choices. Well-informed and forward-looking decisions that 
lead to a more robust and resilient infrastructure can enable substantial new economic, consumer service, 
climate protection, and system reliability benefits. Good decisions on TS&D infrastructure can also provide 
flexibility in taking advantage of new opportunities to achieve our national energy objectives. 

This summary follows the organization of the main report, starting with an introduction to TS&D 
infrastructure issues (corresponding to Chapter I, Introduction, in the main report) and continuing with 
sections on the following; 

• Increasing the Resilience, Reliability, Safety, and Asset Security of TS&D Infrastructure (Chapter II) 

• Modernizing the Electric Grid (Chapter III) 

• Modernizing US. Energy Security Infrastructures in a Changing Global Marketplace (Chapter IV) 

• Improving Shared Transport Infrastructures (Chapter V) 

• Integrating North American Energy Markets (Chapter VI) 

• Addressing Environmental Aspects of TS&D Infrastructure (Chapter VII) 

• Enhancing Employment and Workforce Training (Chapter VIII) 

• Siting and Permitting of TS&D Infrastructure (Chapter IX). 

The main report’s treatment of the QER analytical and stakeholder process (Chapter X, Analytical and 
Stakeholder Process) and its appendices on technical details of TS&D infrastructure for liquid fuels, natural 
gas, and electricity are not covered in the Summary for Policymakers. 

Introduction to TS&D Infrastructure Issues 

The United States has one of the most advanced energy systems in the world, supplying the reliable, affordable, 
and increasingly clean power and fuels that underpin every facet of the Nations economy and way of life. 

The energy TS&D infrastructure that links the components of that system with each other and with users 
is increasingly complex and interdependent. It includes approximately 2.6 million miles of interstate and 
intrastate pipelines; more than 640,000 miles of high-voltage transmission lines; 414 natural gas storage 
facilities; 330 ports handling crude petroleum and refined petroleum products; and more than 140.000 miles 
of railways that handle crude petroleum, refined petroleum products, liquefied natural gas. and coal. The 
components of the Nation’s TS&D infrastructure considered in this report are listed in Table SPM- 1. 

The requirements that this TS&D infrastructure must meet are extensive and demanding. It must handle a 
diverse and evolving mix of energy sources and energy products; link sources, processors, and users across 
immense distances; match demands that vary on multiple time scales; co-exist with competing uses of the 
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same systems (e.g., ports and railways); and perform 24 hours a day, 365 days a year with high reliability, which 
in turn requires both low susceptibility to disruptions and the resilience to recover quickly from whatever 
disruptions nonetheless occur. The longevity and high capital costs of energy TS8fD infrastructure, moreover, 
mean that decisions made about how to locate, expand, and otherwise modify this infrastructure today will 
be influencing — either enabling or constraining — the size and composition of the national energy system for 
decades to come. 

Challenges of TS&D infrastructure Management and Policy 

Much of the TS8fD infrastructure is owned and operated by the private sector, and a significant portion of the 
related legal, regulatory, and policy development and implementation occurs at state and local levels. At the 
same time, the Federal Government controls and operates substantial TS&D infrastructure assets of its own, 
including inland waterways, thousands of miles of transmission lines, and strategic oil and product reserves. 
Some of the infrastructure elements owned by others are federally regulated with respect to aspects of siting, 
safety, environment, and reliability. A number of emergency authorities bearing on TS&D infrastructure are 
also vested in the Federal Government. 

A further complexity affecting the TS&D infrastructure management and policy is that these infrastructures 
often reach across state and even international boundaries, thus affecting large regions and making multi-state 
and sometimes multi-national coordination essential for modernization, reliability, resilience, and flexibility. 

In addition, the large capital costs, scale, and “natural monopoly” characteristics of much TS&D infrastructure 
tend to perpetuate the role of incumbent providers; these circumstances constrain innovation and add to the 
usual litany of market failures— public goods, externalities, information deficits, perverse incentives— generally 
understood to warrant intervention through government policy when the proposed remedy is expected to 
have sufficient net benefits to overcome predictable ancillary and unintended consequences. 
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Summary: The First installment of the Quadrennial Energy Review 

Table SPM-1 . Components of TS&D infrastructure Considered in this Installment of the QER 
Fuel/Energy Carrier TS&D infrastructure Eiement/System 

Transmission lines and substations 
Distribution lines and distributed generation 

Electricity — - 

Electricity storage 

Other electric grid-related infrastructure 



Natural gas gathering lines 


Transmission pipelines 


Natural gas storage facilities 


Processing facilities 


Distribution pipelines and systems 


LN6 production/storage facilities (including export terminals) 

Coat 

Rail, truck, barge transport 

Export t^minals 


Crude oil pipelines 


Crude oil and products import and export terminals 

Crude Oil/ 

Rail, truck, barge transport 

Petroleum Products 

Oil refineries 


Strategic Petroleum Reserve & Regional Petroleum Product Reseives 


CO^ pipelines (including for enhanced oil recovery) 

Biofuels 

Transport of feedstock and derived products, biorefineries 


Source; Chapter 7, Table 1-1. 


Given the complexity of this policy landscape, it should be obvious that Federal policies to encourage and 
enable modernization and expansion of the Nations TS8rD infrastructure must be well coordinated with state, 
local, tribal, and (sometimes) international jurisdictions. Full consideration must be given to the interaction 
of policy at all levels of government with private sector incentives and capabilities and include attention to 
opportunities for well-designed, purpose-driven, public-private partnerships. 

Current Trends Affecting TS&D Infrastructure Choices 

A number of changes in the US. energy landscape over the last decade were previously mentioned— dramatic 
changes in the pattern of domestic coal, petroleum, and natural gas production; a drastically altered outlook 
for energy imports and exports; large increases in electricity generation from wind and sunlight; and an 
increased priority on moving rapidly to reduce greenhouse gas (GHG) emissions from the energy sector. Ail 
of these trends have significant implications for the Nations TS&D infrastructure. So does another trend that 
has been building for decades, which is lack of timely investment in refurbishing, replacing, and modernizing 
components of that infrastructure that are simply old or obsolete. These trends are elaborated briefly in the 
subsections that follow. 
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Aging infrastructure and Changing Requirements 

More than a decade ago, a Department of Energy (DOE) report pronounced the US. electricity grid 'aging, 
inefficient, congested, and incapable of meeting the future energy needs of the information economy without 
significant operational changes and substantia! pubhc-private capital investment over the next several 
decades.”^ Although significant improvements have been made to the grid since then, the basic conclusion of 
the need to modernize the grid remains salient The Edison Electric Institute estimated in 2008 that by 2030 
the US. electric utility industry would need to make a total infrastructure investment of $1.5 trillion to S2.0 
trillion, of which transmission and distribution are expected to account for about $900.0 billion.^ 

Modernization of the grid has been made all the more urgent by the increasing and now pervasive dependence 
of modern life on a reliable supply of electricity. Without that, navigation; telecommunication; the financial 
system; healthcare; emergency response; and the Internet, as well as all that depends on it, become unreliable. 
Yet the threats to the grid — ranging from geomagnetic storms that can knock out crucial transformers; to 
terrorist attacks on transmission lines and substations; to more flooding, faster sea-level rise, and increasingly 
powerful storms from global climate change — have been growing even as society’s dependence on the grid has 
increased. 

In addition, technology is altering expectations of what the grid should do. Once satisfied with a simple 
arrangement where utilities provided services and consumers bought power on fixed plans, individual 
consumers and companies increasingly want to control the production and delivery of their electricity, and 
enabling technology has become available to allow this. These trends, coupled with flat or declining electricity 
demand, could dramatically alter current utility business models, and they are already making it more 
important to appropriately value and use distributed generation, smart grid technologies, and storage. 

Natural gas and oil TS&D infrastructures likewise face aging and obsolescence concerns. These infrastructures 
have not kept pace with changes in the volumes and geography of oil and gas production, 'flte Nations ports, 
waterways, and rail systems are congested, with the growing demands for handling energy commodities 
increasingly in competition with transport needs for food and other non-energy freight. Although 
improvements are being made, much of the relevant infrastructure— pipelines, rail systems, ports, and 
waterways alike~is long overdue for repairs and modernization. 

One compelling example is the infrastructure for moving natural gas. Close to 50 percent of the Nation’s gas 
transmission and gathering pipelines were constructed in the 1950s and 1960s — a build-out of the interstate 
pipeline network to respond to the thriving post- World War II economy (see Figure SPM-1). Analyses 
conducted for the QER suggest that natural gas interstate pipeline investment will range between $2.6 billion 
and $3.5 billion per year between 2015 and 2030, depending on the overall level of natural gas demand. The 
total cost of replacing cast iron and bare steel pipes in gas distribution systems is estimated to be $270 billion.*’ 


The American Gas Association reports that the total cost of replacing all cast iron pipe in the United States would be about $83 billion 
in 2011 dollars, American Gas Association. “Managing the Reduction of the Nation’s Cast Iron Inventory." 2013. ww'W.aga.org/ 
managing-f'educt.ion'natiori%E2%80%99s-cast-iron-invsntQry. Accessed January 16,2015. According to Pipeline and Hazardous 
Materials Safety Administration data, cast iron pipes represent approximately 30 percent of the total leak-prone pipe in the United 
States. Therefore, assuming other pipe replacement has similar costs, the total cost for replacement of all leak-prone pipe is roughly 
S270 billion. 


QER Report; Energy Transmission, Storage, and Disffibution Infrastructure j April 2015 S-5 



83 




Figure Age by Decade of U.S, Gas Transmission and Gathering Pipeiines 



Source: Chapter 1, Figure 1-1. 

The Nation’s Strategic Petroleum Reserve (SPR) also requires attention. The design of the SPR and the 
inlra-structure for utilizing it were determined in 1975, when domestic oil production was in decline, oil price 
and allocation controls separated the US. oil market from the rest of the world, theT'c w'as no global commodity 
market for oil at all, and there were no hedging mechanisms to manage risk. The SPR requires updating in light of 
changed circumstances, including significant maintenance and upgrades to enhance its distribution capability, 

CJimate Change 

Energy TS&D infrastructure has always been shaped not only by the mix of energy supply technologies 
and end-use patterns, but also by the characteristics of the environment where the infrastructure must 
operate, including, for example, terrain, vegetation, soil and seismic conditions, and climate. It has long been 
true, as well, that choices about TS&D infrastructure have had to t-ake into account the need to limit: that 
infrastructure’s adverse impacts on the environment. 

By far the most important environmental factor affecting TS&D infrastructure needs now and going forward 
is global climate change. Sea-levei rise, thawing permafrost, and increases in weather extremes are already 
affecting TS&D infrastructure in many regions. The need to mitigate global climate change by reducing 
GHG emissions, moreover, is accelerating changes in the mix of energy supply options and end-use patterns, 
and over time, it is likely to become the dominant such influence. Reducing GHG emissions from TS&D 
infrastructure, including methane emissions from the transmission and distribution of natural gas, will be 
increasingly important in this context. 

The key relevant conclusions from climate science — as embodied in the most recent reports of the 
Intergovernmental Panel on Climate Change, the National Academy of Sciences (jointly with the Royal Society 
of London), and the Third National Climate Assessment of the Global Change Research Program'''-— are that 
GHGs emitted by civilization’s energy system are the dominant cause of changes in climate being observed 
across the globe; that the changes are not just in average conditions, but in extremes, are already causing harm 
to life, health, property, economies, and ecosystem processes; and that deep reductions in GHG emissions will 
be required if an unmanageable degree of global climate change is to be avoided. 
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Actions taken in the first term of the Obama Administration in response to the climate change challenge 
included major investments in a cleaner, more efficient U.S. energy future in the American Recovery and 
Reinvestment Act of 2009 and subsequent Presidential budgets; the promulgation of the first-ever joint fuel 
economy/ GHG emission standards for light-duty vehides and new, more stringent energy efficiency standards 
for commercial and residential appliances; and the announcement of a U.S. emissions reduction target in the 
range of 17 percent below the 2005 level by 2020. These steps were followed in the second term by the Presidents 
announcement, in June 2013, of a new “Climate Action Plan” with three pillars: reducing U.S. emissions of GHGs, 
increasing domestic preparedness for and resilience against the changes in climate that can no longer be avoided, 
and engaging internationally to encourage and assist other countries in taking similar steps.* - 

Among the actions subsequently taken under the “Climate Action Plan,” those with potential relevance for 
the future of TS&D infrastructure include a new Strategy for Reducing Methane Emissions nationwide; 
acceleration of permitting for new renewable energy projects on public lands and military installations: 
Executive Orders requiring that Federal departments and agencies — including those with responsibilities 
relating to TS&D infrastructure — take climate change into account in ail of their policies and programs; and 
the announcement, in November 2014, of a post- 2020 U.S. GHG emissions reduction target of 26 percent to 
28 percent below the 2005 level by 2025. 

The actions under the “Climate Action Plan” put the United States on a path to meet the Administration’s 
2020 and 2025 targets through several means, including the establishment of carbon emission standards for 
the power sector that will drive further shifts to low- and zero-carbon fuels, cleaner electricity generation 
technologies, and continuing improvements in end-use efficiency. Historic and projected U.S. emissions under 
these latest targets are shown in Figure SPM-2. While the Administrations 2020 and 2025 targets are ambitious, 
it is clear that continued reduction in GHG emissions will be needed beyond 2025 in the United States and 
globally. These reductions will continue to drive significant changes in TS&D infrastructure in the longer term. 
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Figure SPM-2. Historic and Projected U.S. GHG Emissions under Obama Administration Targets 
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Source: Chapter 1, Figure 1-8. 

Meanwhile, the ongoing impact.s of global climate change have already been stressing energy TS&D 
infrastructure in a variety of ways. Extreme weather events with high societal costs have been increasing 
(see Figure SPM-3), a trend expected to intensify under continuing climate change. This means greater 
vulnerabilities for TS&D infrastructure from hurricanes, drought, extreme temperatures, wildfires, more 
intense precipitation events, and flooding. Climate change is also driving sea-level rise, which interacts 
with storm surge and heavy downpours to intensify coastal flooding, and it has been thawing large areas of 
permafrost in the far North, with impacts on pipelines, roads, and other energy-linked infrastructure. 
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Figure SPM-3. Blllion-Dollar Disaster Event Types by Year 
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Source: Chapter 2, Figure 2-2. 


Goals for TS&D infrastructure Policy 

This first installment of the QER analyzes how to leverage authorities, expertise, and resources to help 
modernize and transform the extensive, interlocking, capital-intensive networks constituting the national 
energy TvS&D system so as to meet, in a complex jurisdictional environment, the evolving set of requirements 
and challenges just described. This report presents a set of findings and recommendations, organized around 
the high-level goals of energy security, economic competitiveness, and environmental responsibility, in the 
context of a set of analytically derived objectives that reflect an integrated assessment of the adequacy of 
existing TS&D infrastructures to meet these goals. These objectives include the following; 

• Enhancing TS&D infrastructure resilience, reliability, safety, and asset security 

• Modernizing the electric grid 

• Modernizing the segments of TS&D infrastructure essential for collective energy security 

• Improving the increasingly stressed TS&D infrastructures that are shared by energy and other goods 
and commodities. 

These objectives are also informed and affected by an additional set of crosscutting needs and requirements, 
namely the following: 

• Promoting environmental responsibility in developing, managing, and updating TS&D infrastructure, 
including reducing emissions from infrastructure that could contribute to climate change 

• Developing and training the workforce needed for a 21st century energy infrastructure 

• Expediting the siting of critical TS&D infrastructures to meet a range of energy needs and policy objectives 

• Enhancing North American energy market integration. 


QER Report Energy Transmission, Storage, and Distribution Infrastructure ] April 2015 S-9 



87 


Modernizing the Nations TS&D infrastructures will also help enhance US. competitiveness in a global economy, 
and it will support jobs— approximately 1 million people were employed in energy transmission and distribution 
jobs in 20 1 .3, or almost 0.75 percent of US. civilian jobs; modernization will increa.se tht).se numbers, 

increasing the iesilieiice. Reliability, Safety, and Asset S'eciirity of 
TS&D Infrastructure 

Ensuring the resilience, reliability, safety, and security of TS&D infrastructure is a national priority and 
vital to American competiveness. jobs, energy' security, and a clean energy future. 'Ihe imperative for TS&D 
infrastructure in tite United States, going forward, is to maintain the high performance of exi.sting .systems; to 
continue to accommodate significant growth in domestic energy supplies; and to manage and adapt to new 
technologies, threats, and vulnerabilities in cosUeifective ways. For example, severe weather is the leading 
source of electric grid disturbances in the United States. In fact, between 2003 and 20 1 2, ;«i estimated 679 
widespread power outage.s occurred due to .severe weather, costing the US. economy .$18 billion to .$3,3 billion 
each year betw'een 2003 and 2013. This risk is growing; the number of Gulf Coast electricity sub, stations 
exposed to inundation caused by .storm surge from Category 1 storms is projected to increase from 255 
to 337 by 2030 due to sea-level rise (.see Figure SPM-4). TS&D infrastructures are becoming increasingly 
interconnected and interdependent, so disruptions from climate change, natural di.sa,sters, and cyber and 
physical incident, s can have serious consequences beyond the specific TS&D infrastructure system thsit is 
directly affected. 


Figure SPM-4. Gulf Coast Electricity Substation Facilities' Exposure to Storm Surge under Different Sea-Levei Rise Scenarios 



- . napter 2, Figure 2-4. 
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Key Findings 

Mitigating energy disruptions is fundamental to infrastructure resilience. Mitigating energy disruptions 
is particularly important because other critical infrastructures rely on energy services to operate, and these 
interdependencies are growing. Should disruptions occur, it is essential to have comprehensive and tested 
emergency response protocols to stabilize the system and begin recovery. 

TS&D infrastructure is vulnerable to many natural phenomena. These include hurricanes, earthquakes, 
drought, wildfires, flooding, and extreme temperatures. Some extreme weather events have become more 
frequent and severe due to climate change, and this trend will continue. Sea-level rise resulting from climate 
change, coupled with coastal subsidence in the Mid- Atlantic and Gulf Coast regions, increases risks and 
damages to coastal infrastructure caused by storm surge. 

Threats and vulnerabilities vary substantially by region. In many cases, a particular natural threat or 
infrastructure vulnerability will be region-specific (e.g., Gulf Coast hurricanes threatening refineries), limiting 
the utility of national, one-size-fits-all solutions for reliability and resilience. Regional solutions are essential. 

Recovery from natural gas and liquid fuel system disruptions can be difficult. Although liquid fuels and 
natural gas disruptions are less likely than electricity disruptions, it is relatively more difficult to recover from 
disruptions to these systems than electric systems. Recovery from pipeline disruptions is particularly difficult 
because of the need to locate and repair underground breakages. 

Cyber incidents and physical attacks are growing concerns. Cyber incidents have not yet caused significant 
disruptions in any of the three sectors, but the number and sophistication of threats are increasing, and 
information technology systems are becoming more integrated with energy infrastructure. There have been 
physical attacks; while some physical protection measures are in place throughout TS&D infrastructure 
systems, additional low-cost investments at sensitive facilities would greatly enhance resilience. 

High-voltage transformers are critical to the grid. They represent one of its most vulnerable components. 
Despite expanded efforts by industry and Federal regulators, current programs to address the vulnerability 
may not be adequate to address the security and reliability concerns associated with simultaneous failures of 
multiple high-voltage transformers. 

Assessment tools and fi^meworks need to be improved. Research has focused more on characterizing 
vulnerabilities and identifying mitigation options than on measuring the effects of best practices for response 
and recovery. In addition, assessment tools and frameworks tend to characterize the impacts of disruptions on 
system performance, but are less able to examine impacts on national or regional consequences like economic 
loss or loss of life. 

Shifts in the natural gas sector are having mixed effects on resilience, reliability, safety, and asset security. 
The addition of onshore shale gas infrastructure benefits natural gas resilience by decreasing the percentage of 
infrastructure exposed to storms. The Energy Information Administration (EIA) reports that the Gulf Coast 
percentage of natural gas production went from 18 percent in 2005 to 6 percent in 2013. On the other hand, 
overall reliance on gas for electricity has gone up, creating a new interdependence and grid vulnerability. 
Furthermore, additional export infrastructure resulting from the natural gas boom would increase 
vulnerabilities to coastal threats, such as sea-level rise. 
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Summary: The First Installmeiit of the Quadrennial Energy Review 


Dependencies and interdependencies are growing. Many components of liquid fuels and natural gas 
systems — including pumps, refineries, and about 5 percent of natural gas compressor stations — require 
electricity to operate. The interdependency of the electricity and gas systems is growing as more gas is used in 
power generation. 

Aging, leak-prone natural gas distribution pipelines and associated infrastructures prompt safety 
and environmental concerns. Most safety incidents involving natural gas pipelines occur on natural gas 
distribution systems. These incidents tend to occur in densely populated areas. 

Selected Recent Federal Government Actions 

The Federal Government, the states, and the private sector all play crucial roles in ensuring that energy 
infrastructures are reliable, resilient, and secure. In 2013, President Obama released Presidential Policy 
Directive-21, Critical Infrastructure Security and Resilience, establishing national policy on critical 
infrastructure security and resilience and refining and clarifying the critical infrastructure-related functions, 
roles, and responsibilities across the Federal Government, as well as enhancing overall coordination and 
collaboration. The directive applies to all critical infrastructures, but calls out energy infrastructures as being 
uniquely critical due to the enabling functions they provide across all other critical infrastructures. Other 
recent Federal Government actions include the following: 

• Creating the Build America Investment Initiative. The Administration has created this initiative— 
an interagency effort led by the Departments of Treasury and Transportation — to promote increased 
investment in U.S. infrastructure, particularly through public-private partnerships. 

• Enhancing grid resilience to geomagnetic storms. In June 201 4, the Federal Energy Regulatory 
Commission adopted a new reliability standard to mitigate the impacts of geomagnetic disturbances 
on the grid. In November 2014, the Administration established an interagency Space Weather 
Operations, Research, and Mitigation Task Force to develop a National Space Weather Sti'ategy, to 
include mitigation of grid vulnerability. 

• Improving safety of natural gas transmission pipelines. The Pipeline and Hazardous Materials 
Safety Administration of the Department of Transportation (DOT) is currently developing a proposed 
rule on integrity management for natural gas pipelines. In addition, the Federal Energy Regulatory 
Commission has issued a policy statement that will allow interstate natural gas pipelines to recover 
certain expenditures made to modernize pipeline system infrastructure in a manner that enhances 
system reliability, safety, and regulatory compliance. 

• Developing and operating regional refined petroleum product reserves. DOE created the Northeast 

Gasoline Supply Reserve in 2014 and continues to manage the Northeast Home Heating Oil Reserve. 

• Enhancing emergency preparedness. The National Petroleum Council, in response to a request from 
the Secretary of Energy, recently completed an Emergency Preparedness Study to help industry and 
government achieve a more rapid restoration of motor fuel supplies after a natural disaster. 
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Recommendations in Brief 

To continue to drive progress toward addressing these TS&D infrastructure challenges, we recommend taking 
the following additional actions: 

Develop comprehensive data, metrics, and an analytical framework for energy infrastructure resilience, 
reliability, safety, and asset security. DOE, in collaboration with the Department of Homeland Security and 
interested infrastructure stakeholders, should develop common analytical frameworks, tools, metrics, and data 
to assess the resilience, reliability, safety, and security of energy infrastructures. 

Establish a competitive program to accelerate pipeline replacement and enhance maintenance programs 
for natural gas distribution systems. DOE should establish a program to provide financial assistance to 
states to incentivize cost-etfective improvements in the safety and environmental performance of natural 
gas distribution systems through targeted funding to offset incremental costs to low-income households and 
funding for enhanced directed inspection and maintenance programs. 

Support the updating and expansion of state energy assurance plans. DOE should undertake a multi-year 
program of support for state energy assurance plans, focusing on improving the capacity of states and localities 
to identify potential energy disruptions, quantify their impacts, share information, and develop and exercise 
comprehensive plans that respond to those disruptions and reduce the threat of future disruptions. 

Establish a competitive grant program to promote innovative solutions to enhance energy infrastructure 
resilience, reliability, and security. DOE should establish a program to provide competitively awarded grants 
to states to demonstrate innovative approaches to TS8cD infrastructure hardening and enhancing resilience 
and reliability. A major focus of the program would be the demonstration of new approaches to enhance 
regional grid resilience, implemented through the states by public and publicly regulated entities on a cost- 
shared basis. 

Analyze the policies, technical specifications, and logistical and program structures needed to mitigate 
the risks associated with loss of transformers. As part of the Administration’s ongoing efforts to develop a 
formal national strategy for strengthening the security and resilience of the entire electric grid for threats and 
hazards (planned for release in 2015), DOE should coordinate with the Department of Homeland Security 
and other Federal agencies, states, and industry on an initiative to mitigate the risks associated with the loss of 
transformers. Approaches for mitigating this risk should include the development of one or more transformer 
reserves through a staged process. 

Analyze the need for additional or expanded regional product reserves. DOE should undertake updated 
cost-benefit analyses for all of the regions of the United Stales that have been identified as vulnerable to 
fuel supply disruptions to inform subsequent decisions on the possible need for additional regional product 
reserves. 

Integrate the authorities of the President to release products from regional petroleum product reserves 
into a single, unified authority. Congress should amend the trigger for the release of fuel from the Northeast 
Home Heating Oil Reserve and from the Northeast Gasoline Supply Reserve so that they are aligned and 
properly suited to the purpose of a product reserve, as opposed to a crude oil reserve. 
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Modariiiiirif the Electric Grid 

Electricity is central to the well-being of the Nation. The United States has one of the worlds most reliable, 
affordable, and increasingly dean electric systems, but the US. electric system is currently at a strategic 
inflection point— a time of significant change for a system that had had relatively .stable rules of the road for 
nearly a century. IT.e US, electricity sector is being challenged by a variety of new forces, including a changing 
generation mix; low load growth; increasing vulnerability to severe weather because of climate change; and 
growitig interactions at the Federal, state, and local levels, innovative technologies and services are being 
introduced to the system at an unprecedented rate~often increasing efficiency, improving reliability, and 
empowering customers, but also injecting uncertainty into grid operations, traditional regulatory structures, 
and utility business models. Modernizing the grid will require that these challenges be addres.sed. 

fCey Findings 

Investments in transmission and distribution upgrades and expansions will grow. It i.s anticipated 
that in the next two decades, large transmission and distribution investments will be made to replace 
aging infrastructure; maintain reliability; enable market efficiencies; and aid in meeting policy objectives, 

.such as GHG reduction and state renewable energy goals. Recent increases in investment in transmission 
infrastructure by investor-owned utilities are shown in Figure SPM-5. 

Figure SPM-5. investment in Transmission infrastructure by Investor-Owned UtUitles, 1997-2012 
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Source: Chapter 3, Figure 3-3. 

Both long distance transmission and distributed energy resources can enable lower-carbon electricity. The 
transmission network can enable connection to high-quality renewables and other lower-carbon re.source.s far 
from load centens; distributed energy resources can provide local low-carbon power and efficiency 
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The potential range of new transmission construction is within historic investment magnitudes. Under 
nearly all scenarios analyzed for the QER, circuit -miles of transmission added through 2030 are roughly equal 
to those needed under the base case, and while those base case transmission needs are significant, they do not 
appear to exceed historical yearly build rates. 

Flexible grid system operations and demand response can enable renewables and reduce the need for new 
bulk-power-level infrastructure. End-use efficiency, demand response, storage, and distributed generation can 
reduce the expected costs of new transmission investment. 

Investments in resilience have multiple benefits. Investments in energy efficiency, smart grid technologies, 
storage, and distributed generation can contribute to enhanced resiliency and reduced pollution, as well as 
provide operational flexibility for grid operators. 

Innovative technologies have significant value for the electricity system. New technologies and data 
applications are enabling new services and customer choices. These hold the promise of improving consumer 
experience, promoting innovation, and increasing revenues beyond the sale of electric kilowatt-hours. 

Enhancing the communication to customer devices that control demand or generate power will improve 
the efficiency and reliability of the electric grid. For example, open interoperability standards for customer 
devices and modified standards for inverters will improve the operation of the grid. 

Appropriate valuation of new services and technologies and energy efficiency can provide options for 
the utility business model. Accurate characterization and valuation of services provided to the grid by 
new technologies can contribute to clearer price signals to consumers and infrastructure owners, ensuring 
affordability, sustainability, and reliability in a rapidly evolving electricity system. 

Consistent measurement and evaluation of energy efficiency is essential for enhancing resUience 
and avoiding new transmission and distribution infrastructure. Efficiency programs have achieved 
significant energy savings, but using standard evaluation, measurement, and verification standards, like those 
recommended by DOE’s Uniform Methods Project, is key to ensuring that all the benefits of efficiency are 
realized, including avoiding the expense of building new infrastructure. 

States are the test beds for the evolution of the grid of the future. Innovative policies at the state level that 
reflect differences in resource mix and priorities can inform Federal approaches. 

Different business models and utility structures rule out “one-size-fits-all” solutions to challenges. A range of 
entities finance, plan, and operate the grid. Policies to provide consumers with affordable and rdiable electricity must 
take into accoimt the variety of business models for investing, owning, and operating grid infrastructure. 

Growing jurisdictional overlap impedes development of the grid of the future. Federal and state 
jurisdiction over electric services are increasingly interacting and overlapping. 

Selected Recent Federal Government Actions 

In addition to resilience-related activities aimed at the electric grid (e.g., large power transformer) discussed 
in the Chapter II (Increasing the Resilience, Reliability. Safety, and Asset Security of TS&D Infrastructure), the 
Administration has undertaken the following activities aimed at creating the electric grid of the future: 

• Promoting grid modernization. DOE has made a comprehensive grid modernization proposal in the 
Presidents Fiscal Year (FY) 2016 Budget request. The crosscutting proposal supports strategic DOE 
investments in foundational technology development, enhanced security capabilities, and greater 
institutional support and stakeholder engagement, all of which are designed to provide the tools 
necessary for the evolution to the grid of the future. Specific elements include the following: 
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□ A new State Energy Reliability and Assurance Grants program for grants to states, localities, regions, 
and tribal entities for electricity TS&D reliability planning. 

n A program directed at research and development (R&D) on transformer protection from 
geomagnetic fields. 

□ Increases directed at improved controls, sensors, power electronics, and connection to energy storage. 

□ Increases in the Smart Grid program to develop next-generation distribution management system 
and controls to accommodate new end-use technologies and develop microgrid systems, 

□ Increases in R&D to improve building control system interoperability with new grid control systems 
and improve building internal controls to adapt to efficient and improved grid connectivity. 

□ Increases to link plug-in electric vehicle systems to building and grid systems. 

Recommendations in Brief 

The Administration and Congress should support or incentivize investment in electricity infrastructure reliability, 
resilience, and affordability through the development of tools, methods, and new funding for planning and 
operating the grid of the future. Accordingly, we recommend the following: 

Provide grid modernization R&D, analysis, and institutional support. DOE should continue to pursue a 
multi-year, collaborative, and cost-shared research and development, analysis, and technical assistance program 
for technology innovation that supports grid operations, security, and management; and for analyses, workshops, 
and dialogues to highlight key opportunities and challenges for new technology to transform the grid. 

Establish a framework and strategy for storage and grid flexibility. DOE should conduct regional and state 
analyses of storage deployment to produce a common framework for the evaluation of benefits of storage and 
grid flexibility, and a strategy for enabling grid flexibility and storage that can be understood and implemented by 
a wide range of stakeholders. 

Conduct a national review of transmission plans and assess barriers to their implementation. DOE should 
carry out a detailed and comprehensive national review of transmission plans, including assessments on the types 
of transmission projects proposed and implemented, current and future costs, consideration of interregional 
coordination, and other factors. A critical part of this review should be to assess incentives and impediments to 
the development of new transmission. 

Provide state financial assistance to promote and integrate TS&D infrastructure investment plans for 
electricity reliability, affordability, efficiency, lower carbon generation, and environmental protection. In 
making awards under this program, DOE should require cooperation within the planning process of energy 
offices, public utility commissions, and environmental regulators within each state; with their counterparts in 
other states; and with infrastructure owners and operators and other entities responsible for maintaining the 
reliability of the bulk power system. 

Coordinate goals across jurisdictions. DOE should play a convening role to bring together public utility 
commissioners, legislators, and other stakeholders at the Federal, stale, and tribal levels to explore approaches to 
integrate markets, while respecting jurisdictional lines, but allowing for the coordination of goals across those lines. 

Value new services and technologies. DOE should play a role in developing frameworks to value grid services 
and approaches to incorporate value into grid operations and planning. It should convene stakeholders to 
define the characteristics of a reliable, affordable, and environmentally sustainable electricity system and 
create approaches for developing pricing mechanisms for those characteristics. The goal should be to develop 
frameworks that could be used by the Federal Energy Regulatory Commission, state public utility commissions 
in ratemaking proceedings, Regional Transmission Organizations in their market rule development, or utilities in 
the operation and planning of their systems. 
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Improve grid communication through standards and interoperability. In conjunction with the National Institute of 
Standards and Technology and other Federal agencies, DOE should work with industry, the Institute of Electrical and 
Electronics Engineers, state officials, and other interested parties to identify additional efforts the Federal Government 
can take to better promote open standards that enhance connectivity and interoperability on the electric grid. 

Establish uniform methods for monitoring and verifying energy efficiency. Through its Uniform Methods 
Project, DOE should accelerate the development of uniform methods for measuring energy savings and promote 
widespread adoption of these methods in public and private efficiency programs. 

Modernizing U.S. Energy Security Infrastructures in a Changing 
Global Marketplace 

Until recently, the concept of energy security has focused on“oU security” as a proxy for “energy security.” It is 
clear, however, that energy security needs to be more broadly defined to cover not only oil, but other sources of 
supply, and to be based not only on the ability to withstand shocks, but also to be able to recover quickly from 
any shocks that do occur. In addition, security is not exclusively domestic; it is dependent on interactions in 
the interconnected global energy market. U.S. energy security and the infrastructure that supports it should be 
viewed in the context of this new, broader, more collective definition of energy security. 

Key Findings 

Multiple factors affect U.S. energy security. These include U.S. oil demand; the level of oil imports; the 
adequacy of emergency response systems; fuel inventory levels; fuel substitution capacity; energy system 
resilience; and the flexibility, transparency, and competitiveness of global energy markets. 

The United States has achieved unprecedented oil and gas production growth. Oil production growth has 
enabled the United States to act as a stabilizing factor in the world market by offsetting large sustained supply 
outages in the Middle East and North Africa and, later, contributing to a supply surplus that has reduced oil 
prices to levels not seen since March 2009. The natural gas outlook has also changed tremendously. Just 10 years 
ago, it was projected that the United States would become highly dependent on liquefied natural gas imports, 
whereas the current outlook projects that the United States will have enormous capacity and reserves and 
could become a major liquefied natural gas exporter. 

The United States is the world’s largest producer of petroleum and natural gas. Combined with new clean 
energy technologies and improved fuel efficiency, US. energy security is stronger than it has been for over half 
a century. Nonetheless, challenges remain in maximizing the energy security benefits of our resources in ways 
that enhance our competitiveness and minimize the environmental impacts of their use. 

The network of oil distribution (“the midstream”) has changed significantly. Product that had historically 
flowed through pipelines from south to north now moves from north to south, and multiple midstream modes 
(pipelines, rail, and barges) are moving oil from new producing regions to refineries throughout the United 
States. 

The SPR’s ability to offset future energy supply disruptions has been adversely affected by domestic and 
global oil market developments coupled with the need for upgrades. Changes in the US. midstream (for 
example, competing commercial demands and pipeline reversals) and lower U.S. dependence on imported 
oil have created challenges to effectively distributing oil from the reserve. This diminishes the capacity of the 
SPR to protect the US. economy from severe economic harm in the event of a global supply emergency and 
associated oil price spike. 
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Increasing domestic oil production has focused attention on U.S. oil export laws established in the 
aftermath of the 1973-1974 Arab Oil Embargo. There are now concerns that the U.S. oil slate may be too 
light for U.S. refineries; although, recent Department of Commerce clarifications that liquid hydrocarbons, 
after they have been processed through a crude oil distillation tower, are petroleum products, and therefore 
eligible for export, will help avoid adverse production impacts. 

An extensive network of pipelines, electric transmission lines, roads, rail, inland waterways, and ports 
link the United States with Mexico and Canada. These systems provide not only economic value to all three 
nations, but also enhance continental energy security and improve system reliability. 

Biofuel production in the United States has increased rapidly over the last decade, enhancing energy 
security and reducing emissions of GHGs from transportation. This growth has been driven in part by the 
Renewable Fuel Standard. Ethanol now displaces approximately 10 percent of U.S. gasoline demand by volume; 
biodiesel, advanced, and cellulosic biofuel production volumes have also been growing. Continued growth in 
ethanol use will depend in part on investment in additional distribution capacity; growth in the use of other 
biofuels, such as “drop-in” fuels, will depend on continued investment in research, development, demonstration, 
and deployment. 

Selected Recent Federal Government Actions 

• Testing the capabilities of the SPR. In March 2014, DOE conducted a test sale to demonstrate the 
drawdown and distribution capacity of the SPR. This test sale highlighted changes needed in the 
distribution infrastructure in the Gulf Coast region. 

• Addressing SPR deferred maintenance backlogs. The President’s FY 2016 Budget Request provided 
$257 million for the development, operation, and management of the SPR, including funding to 
address the backlog of deferred maintenance on the SPR. 

• Addressing changes in propane TS&D infrastructure. DOE has responded to changes in TS&D 
infrastructure for propane and other natural gas liquid by adding capability at the EIA to monitor 
propane inventories on a more granular, state-by-state basis. 

Recommendations in Brief 

Update SPR release authorities to reflect modern oil markets. Congress should update SPR release 
authorities to allow the SPR to be used more effectively to prevent serious economic harm to the United States 
in case of energy supply emergencies. 

Invest to optimize the SPR’s emergency response capability. DOE should analyze appropriate SPR size 
and configuration, and, after carrying out detailed engineering studies, DOE should make infrastructure 
investments to the SPR and its distribution systems to optimize the SPR’s ability to protect the US. economy in 
an energy supply emergency. 

Support other U.S. actions related to the SPR and energy security infrastructures that reflect a broader 
and more contemporary view of energy security. The United States should continue to consult with allies and 
key energy trading partners on energy security issues, building on the G-7 principles on energy security. 

Support fuels diversity through research, demonstration, and analysis. DOE and the Department of 
Defense should continue research and demonstration activities to develop biofuels that are compatible with 
existing petroleum fuel infrastructure, especially in aviation and for large vehicles. DOE should provide 
technical support to states, communities, or private entities wishing to invest in infrastructure to dispense 
higher-level ethanol blends, DOE should ensure adequate support for data collection and analysis on fuels, like 
propane, that play an important role in the Nation’s diverse energy mix and where delivery is challenged by 
changing TS&D infrastructures. 
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Undertake a study of the relationship between domestic shipping and energy security. The relevant agencies 
should conduct a study of the economic, engineering, logistics, workforce, construction, and regulatory 
factors affecting the domestic shipping industry’s ability to support U.S. energy security. The Secretary of 
Transportation should ensure that the National Maritime Strategy includes a consideration of the energy 
security aspects of maritime policy in its discussion and recommendations. 

Improving Shared Transport Infrastructures 

Changes in U.S. energy production and use are stressing and transforming the way that energy and other 
commodities are transported in the United States. Some energy commodities, such as coal and ethanol, have 
traditionally relied on rail and barge transport to move from suppliers to distribution points and end users. 
Iheir use of transportation modes (e.g., rail, barge, and truck transport) that are also shared by agricultural and 
other major commodities is being Joined by significant growth in the use of these transport modes by crude 
oil, refined petroleum products, and petrochemicals. Increasingly, the shipment of oil from the wellhead to 
a refinery may employ a combination of trucks, pipelines, railcars, barges, and other marine vessels— giving 
oil transportation in the United States a more multi-modal character. Since these transportation modes have 
been, and continue to be, used for transporting other commodities, they are considered in the QER to be 
“shared transport infrastructures” for energy commodities. The growing utilization of rail, barge, and truck for 
oil transport, as well as for other energy supplies and materials, exacerbates underlying issues in these shared 
transport infrastructures and underscores the need for an expanded infrastructure investment as proposed by 
the Administration. 

Key Findings 

Rapid crude oil production increases have changed the patterns of flow of North American midstream 
(pipelines, rail, and bai^e) liquids transport infrastructure. Pipelines that previously delivered crude oU from 
the Gulf of Mexico to Midcontinent refineries have now changed direction to deliver domestic and Canadian oil 
to the Gulf of Mexico. In addition, oil produced in North Dakota is now being shipped to refineries on the East 
and West Coasts of the United States. As a result, modes of transport other than pipelines are being employed to 
move crude oil, including a significant increase in crude oil unit trains and barge shipments. 

Limited infrastructure capacities are intensifying competition among commodities, with some costs 
passed on to consumers. Until new additional capacity becomes available, the competition among commodity 
groups for existing capacity will intensify. The proximity of Bakken crude oil movements and Powder River 
Basin coal movements, along with agricultural shipments in the region, affect Midwest power plants and 
the food industry. Typically, rail and barge service are the most cost-effective shipping methods available 
for moving grain and other relatively low-value, bulk agricultural commodities, and the Department of 
Agriculture has indicated that disruptions to agricultural shipments caused by recent unexpected shifts in 
supply and demand for rail services exceed even those caused by Hurricane Katrina. 

Rail, barge, and truck transportation are crucial for ethanol shipment. Ethanol production in the United 
States has increased over the last few decades. Ethanol is typically shipped from production plants by rail and 
then delivered by truck (or directly by rail or barge) to petroleum product terminals. Ethanol is likely to rely on 
shared infrastructure for its transport for the foreseeable future. 

The ability to maintain adequate coal stockpiles at some electric power plants has been affected by rail 
congestion. The Surface Transportation Board (STB) recently acted to require weekly reports of planned 
versus actual loadings of coal trains. 


QER ReporcEnwgy Transmission, storage, and Distribution Infrastructure j April 2015 S-t9 



97 


Summary: The First Instailmerrt of the Quadrennial Energy Review 


Funding for the U.S. freight transportation system is complex and involves a combination of Federal, state, 
local, and private Investments. Railroad infrastructure is primarily owned and maintained by the private sector. 
The marine transportation infrastructure involves a mix of Federal, state, local, and private investments, and 
roadways are owned and maintained by a range of Federal, state, local, and— in some cases— even private entities. 

Navigable waterways are essential for the movement of energy commodities, equipment, and materials, 
especially petroleum and refined petroleum products. Investments in construction, rehabilitation, and 
maintenance of this infrastructure must be balanced against other investments, including other water resource 
investments, such as flood and coastal storm damage reduction projects and aquatic ecosystem restoration. 

Increased transportation of crude oil by rail and barge has highlighted the need for additional safeguards. 

For rail transport, in particular, the Federal Government has a number of efforts underway, including a 
rulemaking on improving the safety of rail transport of crude oil, including more robust tank car standards 
and operational requirements, to address these concerns. 

Multi-modal shared transportation infrastructure is stressed by increased shipments of energy supplies, 
materials, and components. Wind turbine blades, for example, have more than tripled in length since the 
1980s. Transporting components of this size (and others of significant weight and size, such as large power 
transformers) creates a range of challenges, including wear on roads, many of which are rural; the need to 
coordinate movement through ports, tunnels, overpasses, and turning areas; and additional permitting and 
police escort requirements. 

Selected Recent Federal Government Actions 

The stresses on shared transport infrastructures as a result of changes in energy production have resulted in a 
series of responses and initiatives across the Administration, including both regulatory initiatives on the part 
of responsible agencies for specific infrastructures and broader initiatives to provide new resources to help the 
modernization of these shared infrastructures. These include the following: 

• Addressing congestion and service for rail transport of commodities. In light of the problems of 
rail congestion affecting shipments of key commodities, STB, an independent regulatory body in DOT, 
has taken a number of actions. Starting in October 2014, STB has required all major (Class I) railroads 
to publicly file weekly data reports regarding service performance of unit trains carrying coal, crude 
oil. ethanol, and grain. In December 2014, STB initiated a formal notice and comment rulemaking 
proceeding for weekly performance data reporting by the Class I railroads and also the freight railroads 
serving the Chicago gateway. STB has two ongoing proceedings on rail business practices aimed at 
helping shippers to gain competitive access to railroads and be protected against unreasonable freight rail 
transportation rates. 

• Improving safe shipment of crude oil by rail. DOT and other Federal agencies have been taking action 
to respond to heightened awareness and concern over rail shipments of crude oil from the Bakken and 
ethanol. DOT issued a proposed rule in August 2014 containing comprehensive proposed standards 

to improve the rail transportation safety of flammable liquids, including unit trains of crude oil and 
ethanol A final rule is anticipated to be issued in mid-2015. DOE, in cooperation with the Pipeline and 
Hazardous Materials Safety Administration, is supporting studies on the properties (including behavior 
in fires) of crude oil. The Federal Emergency Management Agency has assessed training needs and 
requirements in 28 states with oil rail routes identified by DOT. The interagency National Response Team 
Training Subcommittee launched Emerging Risks Responder Awareness Training for Bakken Crude Oil 
to help responders better prepare for these incidents. 
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• Doubling the size of the Inland Waterways Trust Fund. This fund currently pays 50 percent of 
the Federal cost for construction, replacement, rehabilitation, and expansion costs for inland and 
intracoastal waterways. In December 2014, Coi^ress authorized an increase in the fuel tax supporting 
this fund from the current $0.20 per gallon to $0.29 per gallon, which took effect April 1, 2015. 

In addition, the President s Fiscal Year 2016 Budget proposes a new per-vessel user fee that will raise 
$1.1 billion over the next 10 years, effectively doubling the level of resources available in the Fund. 

• Helping ports through the DOT Maritime Administration StrongPorts initiative. This program is 
developing tools and initiatives helpful to port authorities that are pursuing modernization projects, 
including those interested in public -private partnerships. While the StrongPorts initiative does 

not provide direct financial assistance, the recently released guide provides an additional resource 
regarding financing for ports. 

• Creating a multi-modal freight grant program through the GROW AMERICA Act. The 

Administration has proposed the GROW AMERICA Act, which includes $18 billion over 6 years to 
establish a new multi-modal freight grant program to fund innovative rail, highway, and port facilities 
that will improve the efficient movement of goods across the country. The Generating Renewal, 
Opportunity, and Work with Accelerated Mobility, Efficiency, and Rebuilding of Infrastructure 
and Communities throughout America Act (GROW AMERICA Act) also will give shippers and 
transportation providers a stronger role in working with states to collaborate and establish long-term 
freight strategic plans. 

• Expanding funding for the DOT TIGER grant program. The Transportation Investment Generating 
Economic Recovery (TIGER) program is a competitive grant program that funds state and local 
transportation projects across the United States. The Administrations GROW AMERICA Act proposal 
will provide $7.5 billion over 6 years to the TIGER grant program, more than doubling it. 

Recommendations in Brief 

Enhance the understanding of important safety-related challenges of transport of crude oil and ethanol 
by rail and accelerate responses. Key activities at DOE and DOT should be strongly supported. 

Further analyze the effects of rail congestion on the flow of other energy commodities, such as ethanol 
and coal. DOE, STB, and the Federal Energy Regulatory Commission should continue to develop their 
understanding of how rail congestion may affect the delivery of these energy commodities. 

Analyze the grid impacts of delayed or incomplete coal deliveries. In assessing these issues, DOE and 
other relevant agencies should examine whether a minimum coal stockpile for electricity reliability should be 
established for each coal-fired unit. 

Address critical energy data gaps in the rail transport of energy commodities and supplies. Congress 
should fund the President’s FY 2016 Budget Request for the ElA to address critical energy transportation data 
gaps and continued data sharing with the STB. 

Support alternative funding mechanisms for waterborne freight infrastructure. The Administration should 
form an ongoing Federal interagency working group to examine alternative financing arrangements for 
waterborne transportation infrastructure and to develop strategies for public-private partnerships to finance 
port and waterway infrastructure. 

Support a new program of competitively awarded grants for shared energy transport systems. A new 

grant program— Actions to Support Shared Energy Transport Systems, or ASSETS— should be established and 
supported at DOT, in close cooperation with DOE. This program should be dedicated to improving energy 
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transportation infrastructure connectors. A Federal investment in ASSETS would likely mobilize additional 
and significant non- Federal investment, based on typical TIGER cost shares. 

Support public-private partnerships for waterborne transport infrastructure. Developing a set of shared 
priorities for investment ensures that public and private sector needs are met. 

Coordinate data collection, modeling, and analysts. DOE should lead an interagency effort with DOT. 
the Department of Agriculture, the Army Corps of Ei^ineers, and the Coast Guard — in cooperation with 
other relevant agencies with data regarding marine, rail, and other energy transport modes— to improve and 
coordinate their respective data collection, analytical, and modeling capabilities for energy transport on shared 
infrastructures. 

Assess the impacts of multi-modal energy transport. DOE, working with DOT and the Army Corps of 
Engineers, should conduct a one-time comprehensive needs assessment of investment needs and opportunities 
to upgrade the Nations energy-related shared water transport infrastructure. 

Assess energy component transportation. DOE, in coordination with relevant agencies, should examine 
routes for transportation of energy system-related equipment, materials, and oversized components. The 
assessment would include the capacity of the Nations transportation infrastructure systems to safely 
accommodate more frequent and laiger shipments where analyses indicate such transport will be required. 

Integrating North American Energy Markets 

The United States. Canada, and Mexico, as well as other North American neighbors, benefit from a vast 
and diverse energy TS&D network that can enable the region to achieve economic, energy security, and 
environmental goals. Continued integration of the North American energy markets will increase those 
benefits and address structural changes and constraints that have arisen since new production, processing, 
consumption, and policies have taken effect. 

Energy system integration is in the long-term interest of the United States, Canada, and Mexico, as it expands 
the size of energy markets, creates economies of scale to attract private investment, lowers capital costs, and 
reduces energy costs for consumers. There is already a robust energy trade between the United States and 
Canada (more than S140 billion in 2013) and the United States and Mexico (more than S65 billion in 2012). 

The scope and magnitude of the existing and ongoing energy integration among the United States, Canada, 
and Mexico goes fat beyond any one particular infrastructure or project, and continuing to foster this 
integration is an enduring interest on the part of each country. While a smaller market, there are also needs and 
opportunities for greater energy trade and integration with individual nations and islands in the Caribbean. 

The North American Arctic region, including Alaska and US. territorial waters in the Bering, Chukchi, and 
Beaufort Seas, as well as Canada and its territorial waters, is experiencing rapid changes on land and at sea 
due to the changing climate. These changes have important implications for TS&D infrastructure in this 
region. Warming in the North American Arctic is resulting in increased risk of land subsidence from thawing 
permafrost, which threatens TS&D infrastructure. It also leads to a reduction in late-summer sea ice extent, 
which will affect offshore energy and mineral exploration and extraction in US. and Canadian waters. 
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Key Findings 

The United States has significant energy trade with Canada and Mexico, including oil and refined products, 
gas, and electricity. Canada is the largest energy trading partner of the United States, with energy trade valued 
at $140 billion in 2013. Mexican energy trade was valued at $65 billion in 2012. Both countries are reliable 
sources of secure energy supplies. 

Greater coordination will improve energy system efficiency and build resiliency to disruptions of the North 
American energy market; it ^l also improve energy market data exchanges and regulatory harmonization. 

The electricity systems of the United States and Canada are fully interconnected. There are currently more 
than 30 active major transmission connections between the United States and Canada, trading approximately 
$3 billion worth of electricity in 2014. If the transmission projects filed with DOE in the last 5 years are 
constructed, they would add approximately 4,100 megawatts of additional hydropower to the U.S. electricity 
mix. 

Canadian natural gas production is expected to slightly outpace consumption with exports rising slowly 
over the projection period. Oil production is anticipated to continue to grow over the next 30 years. 

Mexico has reformed its energy sector. Mexico amended its constitution and reformed its energy sector 
in 2013, retaining government control over its assets while opening oil and gas resources to private sector 
exploration and development. These reforms provide an opportunity for increased trade with the United States. 

Increasing US. natural gas exports may help Mexico generate more gas-fired electricity and achieve its 
environmental goals. 

Changing climate conditions in the Arctic are expected to continue with the melting of permafrost and 
reduced sea ice extent, which will affect increasing energy development that is underway. This presents 
both an opportunity for greater cooperation between the United States and Canada, but also a need for both 
countries to undertake risk mitigation, 

There is an opportunity to reduce Caribbean electricity costs and emissions. The Caribbean is largely reliant 
on foreign sources of oil with little energy resources of its own. Energy demand is driven largely by electricity 
generation, mostly from fuel oil. A 30 percent decrease in carbon dioxide (CO^) emissions could be achieved by 
displacement of fuel oil by natural gas— and even more if this were combined with renewable energy. 

Selected Recent Federal Government Actions 

Recognizing the importance of North American enei^, the Administration has been undertaking a number of 
activities to promote market integration and to address the challenges we share in the North American Arctic 
region, including the following: 

• Improving data exchange. The United States, Canada, and Mexico are creating a framework for the 
sharing of publicly available information and data on their respective energy systems. This initiative was 
formalized in a memorandum of understanding (MOU) signed by DOE, Canadas Ministry of Natural 
Resources, and Mexico’s Ministry of Energy on December 15, 2014. The President’s FY 2016 Budget 
Request provides an increase of $ 1 million to the EIA for the purpose of carrying out this collaboration. 

• Leading the Arctic Council. In April 2015, the United States assumed the chairmanship of the Arctic 
Council for a 2-year period. This will provide the United States with the opportunity to implement 
increased international collaboration in such areas as addressing the impact of climate change and 
Arctic Ocean stewardship and scientific research. In addition to this leadership role in Arctic policy, 
there is an opportunity for increased and enduring cooperation between the United States and Canada 
on issues such as Arctic energy infrastructure and climate and ocean science as an important future 
dimension to the U.S. -Canadian energy relationship. 
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• Partnering with remote communities to develop renewable energy. DOEs National Renewable 
Energy Laboratory, in partnership with the Department of the Interior, has developed the Remote 
Communities Renewable Energy partnership to develop, demonstrate, and deploy smaller-scale 
technologies for remote communities, such as in the Arctic, to utilize local renewable energy 
resources, reduce diesel fuel dependence and distribution requirements, and create independent 
microgrid operations. 

• Pursuing a Caribbean Energy Security Initiative. In 2014, Vice President Biden announced the 
Caribbean Energy Security Initiative, which recognizes the diversity of Caribbean nations’ economies, 
natural resources, and energy constraints. Led by the State Department, in coordination with the US. 
Overseas Private Investment Corporation, DOE, and other agencies, the initiative seeks to improve 
energy sector governance, to increase access to affordable finance, and to improve communication and 
coordination among regional governments and their development partners. 

Recommendations in Brief 

Continue advances that have been made in the North American energy dialogue. Hie United States, 

Canada, and Mexico should encourage further business exchanges and regular minister-level engagement. 

Increase the integration of energy data among the United States, Canada, and Mexico. Provide resources 
for the EIA to collaborate with its Canadian and Mexican counterparts to systematically compare their 
respective export and import data, validate data, and improve data quality. In addition, efforts should be taken 
to better share geographic information system data to develop energy system maps and review forward- 
looking assessments and projections of energy resources, flows, and demand. 

Undertake comparative and joint energy system modeling, planning, and forecasting. Enhance comparative 
and joint modeling, planning, and forecasting activities among US., Canadian, and Mexican energy ministries 
and related governmental agencies. The current scale of activities has aided bilateral and individual goals; 
however, increasing trilateral engagement on planning, modeling, or forecasting activities would capture 
greater efficiencies and enhance each country’s ability to reach economic, security, and environmental 
goals, doe’s Offices of Energy Policy and Systems Analysis and International Affairs would lead modeling 
workshops with their Canadian and Mexican counterparts to share methodologies and collaborate on North 
American analysis. 

Establish programs for academic institutions and not-for-profils to develop legal, regulatory, and policy 
roadmaps for harmonizing regulations across borders. In partnership with universities, qualified not-for- 
profils, and relevant US. energy regulatory authorities, state/provincial, local, and national energy regulations 
will be compared to identify gaps, best practices, and inconsistencies with regulations in Canada and/or 
Mexico with the goal of harmonization. 

Coordinate training and encourage professional interactions. This should involve the technical staff in 
government agencies of the three North American countries that share similar responsibilities to evaluate and 
implement cross-border energy projects. 

Partner with Canada and the Arctic Council on Arctic cnei^ safety, reliability, and environmental 
protection. Joint work should emphasize research and information sharing on the effects of spills and the 
effectiveness of countermeasures, the identification and mobilization of the resources necessary to mitigate the 
effects of a pollution incident, and the development of international guidelines for preparedness and response 
in this logistically challenging region. 

Partner with Canada and the Arctic CouncU on energy delivery to remote areas. This should be done 
through promoting and disseminating the work of the Remote Community Renewable Energy partnership. 
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Promote Caribbean energy TS&D infrastructure. As part of a larger Caribbean strategy, the United States 
should support the diversification of energy supplies, including actions to facilitate the introduction of cleaner 
forms of energy and development of resilient energy TS&D infrastructure in the Caribbean. 

Addressing Environmental Aspects of TS&D Infrastructure 

Energy TS&D infrastructure affects the environment in a variety of ways. While it is important to address 
the direct environmental impacts and vulnerabilities of TS&D infrastructure, this infrastructure also has 
enormous potential to enable better environmental performance for the energy system more broadly. Key 
examples include CO^ pipeline infrastructure to enable carbon sequestration, smart grid technologies to enable 
energy efficiency, and long-distance transmission to enable utilization of remote renewable resources. Energy 
efficiency also reduces the need for new infrastructure. 

Understanding the potential positive and negative effects of TS&D infrastructure on the achievement of 
overall environmental goals— including climate mitigation — is key to siting, constructing, operating, and 
maintaining TS&D infrastructure in an environmentally responsible manner. Many QER recommendations in 
other chapters touch on actions that will enhance the ability of the United States to achieve its environmental 
goals. This chapter focuses on those that relate specifically to the environmental impacts posed by TS&D 
infrastructure itself. 

Key Findings 

TS&D infrastructure can serve as a key enabler for — or barrier to — better environmental outcomes. 
Certain types of TS&D infrastructure enable improvements in system-wide environmental performance at 
lower cost, such as electric transmission and distribution infrastructure to access renewable energy resources 
and interstate natural gas pipelines which can facilitate CO^ emission reductions from the electric power 
sector. 

TS&D infrastructure contributes a relatively small share of total air and water pollution from the energy 
sector. TS&D infrastructure covered by this installment of the QER contributes to nearly 10 percent of 
US. GHG emissions. Many of the environmental issues related to TS&D infrastructure are subject to rules 
established by existing statute and regulation. 

Energy infrastructure can have direct, indirect, and cumulative land-use and ecological impacts. The 
nature and magnitude of those impacts depend on a number of factors, including whether construction of a 
facility will affect endangered species or sensitive ecological areas, or cause land-use impacts such as top-soil 
erosion or habitat fragmentation. 

Energy transport, refining, and processing infrastructure contribute to emissions of criteria air pollutants 
that pose risks to public health and the environment. Ports and rail yards with high densities of vehicles 
and congestion often have high concentrations of pollutants and increase risks to nearby urban communities. 
Reducing emissions of particulate matter from aircraft, locomotives, and marine vessels would have public 
health benefits. Low-income and minority households are two to three times more likely to be affected by 
freight-based diesel particulate pollution than the overall US. population. 

Transportation of crude oil by pipeline, rail, and waterborne vessels has safety and environmental 
impacts. The Federal Government has a number of efforts underway to mitigate these impacts, including a 
rulemaking on rail transport of crude oil. 
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The United States currently has a network of more than 4,500 miles of CO^ transportation pipelines that 
can be a critical component of a low-carbon future. The pipelines mostly transport naturally occurring 
CO^, but new projects are increasingly linking captured CO^ from electric power plants and other industrial 
sources to a productive use in oil fields (through CO^ enhanced oil recovery) and safe storage in deep saline 
formations. 

Selected Recent Federal Government Actions 

In addition to the efforts to improve natural gas pipeline safety discussed under Chapter II (Increasing the 
Resilience, Reliability, Safety, and Asset Security of TS&D Infrastructure), which will have environmental 
benefits, the Administration is undertaking a number of other initiatives to reduce methane emissions and 
address environmental effects of TSSfD infrastructure. They include the following: 

• Setting a national goal to reduce methane emissions. Building on the 2014 interagency Strategy 
to Reduce Methane Emissions, in January 2015, the President announced a national goal to reduce 
methane emissions from the oil and gas sector by 40 percent to 45 percent from 2012 levels by 2025. 

• Establishing standards for methane emissions from new and modified sources. The Environmental 
Protection Agency (EPA) has initiated a rulemaking to set standards for methane and volatile 
organic compound emissions from new and modified oil and gas production sources and natural gas 
processing and transmission sources. EPA will issue a proposed rule in the summer of 2015, and a final 
rule will follow in 20 1 6. 

■ Modernizing natural gas transmission and distribution infrastructure. Following on its methane 
roundtables, DOE is taking steps to encourage reduced GHG emissions, including the following: 

□ Issuing energy efficiency standards for natural gas and air compressors 

□ Funding was proposed in the FY 2016 Budget to advance R&D to bring down the cost of detecting 
leaks and to improve estimates of methane emissions from midstream natural gas infrastructure for 
incorporation into EPA’s Greenhouse Gas Inventory 

□ Implementing an Advanced Natural Gas System Manufacturing Research and Development 
Initiative 

□ Partnering with the National Association of Regulatory Utility Commissioners to help modernize 
natural gas distribution infrastructure 

□ Issuing an Advanced Fo.ssil Energy Projects Solicitation inviting applicants to apply for developing 
new methane reduction technologies 

□ Developing a clearinghouse of information on effective technologies, policies, and strategies. 

• Working cooperatively with industry to reduce methane emissions. EPA is working to expand on 
its successful Natural Gas STAR Program by launching a new partnership in collaboration with key 
stakeholders later in 2015. EPA will work with DOE, DOT, and leading companies— individually 
and through broader initiatives, such as the One Future Initiative and the Downstream Initiative — to 
develop and verify robust commitments to reduce methane emissions. 

• Reducing other air pollution from TS&D infrastructure systems. A number of Administration 
initiatives are reducing air pollution from TS&D infrastructure. Examples of this include the EPA’s 
guidelines to states to reduce ozone precursors from oil and gas systems; DOE’s work to improve 
the energy efficiency of equipment powering natural gas transmission systems and other TS&D 
infrastructure; DOT s Federal Highway Administration funding of state and local programs that 
reduce air emissions through its Congestion Mitigation and Air Quality Improvement program; and 
funding of the National Clean Diesel Campaign, which issues grants to eligible entities for projects to 
reduce emissions from existing diesel engines, which are pervasive in TS&D infrastructure. 
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Recommendations in Brief 

Improve quantification of emissions from natural gas TS&D infrastructure. Congress should approve the 
$i0 million requested in the FY 2016 Budget to help update Greenhouse Gas Inventory estimates of methane 
emissions from natural gas systems. DOE and EPA should undertake a coordinated approach, building on 
stakeholder input, to ensure that new research and analysis is targeted toward knowledge gaps unaddressed by 
other researchers. 

Expand R&D programs at DOE on cost-effective technologies to detect and reduce losses from natural gas 
TS&D systems. DOE should leverage its R&D efforts in this area to facilitate broader air quality benefits. 

Invest in R&D to lower the cost of continuous emissions monitoring equipment. To further improve safety 
and reduce emissions from natural gas systems, additional R&D — as proposed in the FY 2016 Budget— is 
needed to reduce costs and enable deployment of continuous emissions monitoring technologies. 

Support funding to reduce diesel emissions. To protect workers and nearby communities through further 
reductions in diesel particulate matter emissions from ports and rail yards, the Administration proposed, and 
Congress should provide, funding for the Diesel Emissions Reduction Act and other related programs. 

Collaborate on R&D on the beneficial use and/or disposal of dredging material. The Army Corps of 
Engineers and other appropriate Federal agencies should undertake collaborative R&D on treating and then 
either beneficially using or disposing of dredging material. 

Improve environmental data collection, analysis, and coordination. IX)£ should work with other Federal agencies 
to improve data and analysis on the environmental characteristics and impacts of TS&D infrastructures. 

Work with states to promote best practices for regulating and siting CO^ pipelines. Building on successful 
state models for CO^ pipeline siting, DOE, in cooperation with Federal public land agencies, should take a 
convening role to promote communication, coordination, and sharing of lessons learned and best practices 
among states that are already involved in siting and regulating CO^ pipelines or that may have COjpipeline 
projects proposed within their borders in the future. 

Enact fmancial incentives for the construction of CO, pipdine networks. Congress should enact the 
Administration’s proposed Carbon Dioxide Investment and Sequestration Tax Credit, which would authorize $2 
billion in refundable investment tax credits for carbon capture technology and associated infrastructure (including 
pipelines) installed at new or retrofitted electric generating units that capture and permanently sequester CO^. 

Enhancing Employment and Workforce Training 

The workforce needed to build, maintain, and operate energy infrastructures will continue to evolve and, in 
many cases, grow significantly. The heavy investment in new US. energy infrastructure that is anticipated 
over the next few decades, combined with the maintenance needed by current infrastructure systems and 
the looming retirement of a significant fraction of this sectors labor pool, will stimulate the creation of a 
wide range of new job opportunities for skilled workers. This will pose an increasing challenge for workforce 
development and job training strategies. 

Key Findings 

Approximately 1 million people were employed in energy transmission and distribution jobs in 2013. 

This represented almost 0.75 percent of US. civilian jobs. An additional 900,000 jobs were indirectly supported 
by energy transmission and distribution activity. 
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Projections indicate that, by 2030, the energy sector overall, including the TS&D segment, will employ 
an additional 1.5 million workers. Most of these jobs will be in construction, installation and maintenance, 
and transportation, and approximately 200,000 more workers with computer and mathematics skills will be in 
demand. 

Changes in the electricity sector, in particular, affect the number and types of energy jobs. New 
technologies are changing the skill sets in demand in the electricity workforce, creating opportunities 
that include utility management positions for smart grid programs, meter installers and service providers, 
intelligent transmission and distribution automation device producers, communications system products and 
services providers, and software system providers and integrators. 

Accelerating methane abatement actions in the natural gas TS&D system is projected to support a 
significant number of jobs. One study projects that an accelerated replacement timeline along with other 
measures could support 313,000 Jobs throughout the economy. 

New job-driven training strategies, reflecting a broader range of needed skills, will be required to meet 
the challenges of the future. Whether it is by expanding training curricula to use the latest educational tools 
and techniques, moving to a competency-based system of evaluating educational and training outcomes, or 
engaging new pools of potential talent (such as veterans), innovation in methods to attract and train the TS&D 
infrastructure workforce of the future will be required. 

Defining priorities in the area of jobs and workforce training and establishing effective programs 
requires good data. It is challenging both to define and quantify jobs in the energy industry because of how 
employment data in the United States are organized and published. The lack of information is especially 
critical in Job categories experiencing high growth and rapid technological change, such as those dealing with 
infrastructure associated with the solar industry. 

Selected Recent Federal Government Actions 

The activities of the Federal Government to respond to changes in employment and workforce for TS&D 
infrastructures exist in a broader context of initiatives to train a competitive domestic energy workforce that 
are being undertaken by the energy industry, labor organizations, colleges, trade schools, and state and local 
governments. Some recent Federal actions and initiatives that are aimed at supporting and partnering with 
these broader efforts include the following: 

• Expanding existing efforts. The Administrations Ready to Work Initiative and the passage of the 
Workforce Innovation and Opportunity Act have led to several important efforts in the energy sector. 
In addition to the significant investments in energy and advanced manufacturing workforce training, 
the newly formed Skills Working Group, an interagency task force of 13 Federal agencies chaired 

by the Secretary of Labor, has focused on the energy sector as one of six key opportunity areas for 
expanding apprenticeships, building career pathways to the middle class, and initiating place-based 
initiatives to expand opportunities to underserved communities. 

• Providing financial assistance for training. The Department of Labor has granted $450 million 
in Trade Adjustment Assistance Community College and Career Training grants to nearly 270 
community colleges across the country. Also, in December 2014, the Department of Labor announced 
the American Apprenticeship Grants Competition — a $l00-miUion grant program to launch 
apprenticeship models in high growth fields, such as energy, and expand apprenticeship models that 
work. 

• Creating an energy Jobs Strategy Council. DOE has created a new Jobs Strategy Council, which 
brings together the diverse energy programs of the Department with its laboratories and technology 
resources to accelerate job creation across all energy sectors in partnership with other Federal agencies, 
the private sector, and state and local governments. 
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• Developing curricula and certification standards. DOE has been deeply engaged with both 

traditional and new energy sectors, developing curricula and/or certification standards for the solar, 
unconventional natural gas extraction, and building energy efficiency industries, for instance. In 
addition, through DOE’s Office of Economic Impact and Diversity and its new Jobs Strategy Council, 
the Department’s programs have focused on driving energy opportunities to traditionally underserved 
communities and to veterans and other specific populations. 

Recommendations in Brief 

Support an energy-job skills training system through the interagency Skills Working Group. The training 
system should include new curricula, apprenticeship programs, industry-based credentialing standards, and 
innovative online learning systems. 

Expand support for an open-source learning community to develop, facilitate, and expand use of state- 
of-the art courses in energy-related fields. These efforts should work to maintain and improve the National 
Training and Education Resource platform. 

Coordinate efforts to accelerate the development of high-quality energy and manufacturing curricula and 
apprenticeship programs. DOE should coordinate wth existing Department of Labor and National Science 
Foundation programs. 

Facilitate national credentials for energy occupations. DOE should support and facilitate an industry-led 
process of defining needed skills in a number of emerging occupations. 

Facilitate the transition of military veterans into the energy sector. DOE should work with the Departments 
of Labor and Defense and stakeholders to standardize the applicability of Military Occupation Codes to 
civilian jobs in energy sectors. 

Establish an interagency working group to reform existing energy jobs data collection systems. DOE 
should convene a group with the Departments of Labor and Commerce to provide complete and consistent 
definitions and quantification of energy jobs across all sectors of the economy. 

Siting and Permitting of TS&D Infrastructure 

The trends affecting TS&D infrastructure are discussed in this report— including major increases in oil and gas 
production, expanding production of renewable energy, changing requirements for what is expected of energy 
infrastructure, climate change, and steps to maintain electricity grid — are shaping and driving demand for new 
TS&D infrastructure. Over the last decade, there has been a growing awareness of the gap between the tunes typically 
needed to permit new generation and production sources of energy and the much longer times needed for TS&D 
infrastructure. This discrepancy in permitting time frames affects everything from transmission planning to utility 
procurement and project finance decisions—making it more challenging to plan, site, permit, finance, and construct 
energy infrastructure projects. Given these challenges, it is essential to promote more timely permitting decisions 
while protecting our Nation’s environmental, historic, and cultural resources. 

Key Findings 

The involvement of multiple jurisdictions adds time to siting, permitting, and review of infrastructure 
projects. As major infrastructure projects are proposed. Federal, state, local, and tribal governments must work 
to consider and minimize potential impacts on safety and security, as well as environmental and community 
resources (e.g., air, water, land, and historic and cultural resources). These entities often have overlapping and 
sometimes conflicting statutory responsibilities for siting and permitting projects. The interplay among the 
diverse sets of participants and statutorily defined responsibilities is challenging, and for particularly large and 
complex infrastructure projects, multiple permits and approvals can lead to inefficiencies and delay. 
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Sijmmary: The First Instaiiment of the Quadrennial Energy Review 


Close collaboration with tribal, state, and local governments is critical to siting, permitting, and review 
of infrastructure projects. Most infrastructure siting and permitting decisions are made at the state and local 
levels; some also require consultation with affected Indian Tribes. The bulk of Federal review and permitting 
responsibilities are also handled at regional offices rather than agency headquarters. The local nature of 
decision making requires close interaction between local and tribal governments and Federal agencies, as well 
as appropriate knowledge of resource concerns to be addressed in the permitting process. 

Robust public engagement is essential for the credibility of the siting, permitting, and review process. Major 
infrastructure projects, such as high-voltage transmission lines and pipelines, are likely to trigger potentially 
conflicting stakeholder interests and have the potential to produce significant impacts on local communities 
and the environment due to their complexity and scale. Robust stakeholder engagement is necessary to avoid, 
minimize, and mitigate these potential impacts and is likely to reduce delays in reaching a decision. 

Siting timetables vary widely, and processes for siting energy infrastructure differ by sector. Major 
infrastructure projects typically involve multi-year design, development, and construction timelines with complex 
approval processes. Timelines and processes for approval vary depending on the scope and type of project. 

Selected Recent Federal Government Actions 

The Obama Administration has taken steps within and across Federal agencies to modernize the Federal 
permitting and review process for major infrastructure projects to reduce uncertainty for project applicants, to 
reduce the aggregate time it takes to conduct reviews and make permitting decisions by half, and to produce 
measurably better environmental and community outcomes. These include the following actions: 

• Coordinating project review. Tbe Interagency Steering Committee established under Executive Order 
13604 and the Interagency Infrastructure Permitting Improvement Team housed at DOT are currently 
developing a Policy for Coordinated Review of infrastructure project applications among Federal 
agencies and with project sponsors. 

• Developing pre-application procedures and cost recovery for project reviews. In 2013, DOE — 
through the Council on Environmental Quality and the Administration’s Rapid Response Team for 
Transmission— developed a proposed Integrated Interagency Pre-Application Process for onshore 
electric transmission lines. DOE is now considering issuing a revised regulation under Section 216(h) 
of the Federal Power Act that would incorporate that process. In September 2014, the Bureau of Land 
Management issued a proposed rule that would require all applicants for rights of way across public 
lands for electric transmission lines of 100 kilovolts or greater and pipelines 10 inches or more in 
diameter to hold pre-application meetings to coordinate with appropriate Federal and state agencies 
and tribal and local governments. It would also require proponents to pay reasonable or actual costs 
associated with the pre-application process. 

• Expanding online project tracking and developing metrics. The Administration launched a Federal 
Infrastructure Project Permitting Dashboard to track designated infrastructure project schedules. The 
dashboard also hosts a “Permit Inventory’—a searchable database of required permits and approvals— 
as well as National Environmental Policy Act (NEPA) reviews and milestones relating to major 
infrastructure projects. 

• Expanding availability and sharing of data and geographic information system tools. 'Ihe 
Administration has identified a number of actions and policies to facilitate adequate collection, 
integration, and sharing of the best available data to assist project sponsors in siting projects in order 
to minimize resource impacts and to support Federal decision making, including (1) NEPAnode; 
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(2) the Fish and Wildlife Service Information, Planning, and Conservation Tool; (3) EPAs NEPAssist; 
(4) the Eastern Interconnection States Planning Council Energy Zones Mapping Tool; (5) the Army 
Corps Federal Support Toolbox; (6) the Western Governors’ Associations’ Crucial Habitat Assessment 
Tool; and (7) the National Oceanic and Atmospheric Administration’s Social Vulnerability Index. 

• Designating corridors for pipelines, electric transmission lines, and related Infrastructure. The 
Department of the Interior and the Department of Agriculture are conducting a periodic review 
of the Western energy rights-of-way corridors designated in 2009. As directed in the June 2013 
Presidential Memorandum, DOE issued two reports — one for assessing potential corridors in the 
West, as proposed by the Western Electricity Coordinating Council, and one for the rest of the United 
States that looks at current and potential crossings for transmission lines and oil and gas pipelines on 
federally protected national trails. 

• Undertaking landscape- and watershed-level mitigation and conservation planning. Federal land 
management agencies have begun to implement mit^ation and conservation planning at the landscape, 
ecosystem, or watershed level. For example, in March 2014, the Department of the Interior released the 
Solar “Regional Mitigation Strategy for the Dry Lake Solar Energy Zone,” and in April 2014, Secretary 
lewell issued the “Strategy for Improving the Mitigation Practices of the Department of the Interior.” 

Recommendations in Brief 

Allocate resources to key Federal agencies involved in the siting, permitting, and review of infrastructure 
projects. Federal agencies responsible for infrastructure siting, review, and permitting have experienced 
dramatic appropriations cuts and reductions in staff. Many of the components of the overall effort to improve 
the Federal siting and permitting processes have been stymied in recent years by appropriations shortfalls. 
Congress should fully fund these priorities. 

Efrioritize meaningful public engagement through consultation with Indian Tribes, coordination with 
state and local governments, and facilitation of non-Federal partnerships. Early and meaningful public 
engagement with atfected residential communities, nonprofit organizations, and other non-Federal stakeholders 
through the NEPA process and other forums can reduce siting conflicts. Federal agency coordination with 
state and local governments and government-to-government consultation with affected Indian Tribes should 
remain a Federal Government priority. When possible. Federal agencies should co-locate energy infrastructure 
environmental review and permitting staff from multiple Federal agencies’ regional and field offices. 

Expand landscape- and watershed-level mitigation and conservation planning. When adverse impacts to 
the Nation’s landscape cannot be avoided or minimized any further. Federal agencies should seek innovative 
approaches to compensate for adverse project impacts commensurate with the scope and scale of the project 
and effects to resources. Through mitigation planning at a landscape, ecosystem, or watershed scale, agencies 
can locate mitigation activities in the most ecologically important areas. 

Enact statutory authorities to improve coordination across agencies. Congress should authorize and fund 
the Interagency Infrastructure Permitting Improvement Center in DOT, as set forth in Section 1009 of the 
Administrations draft legislation for the GROW AMERICA Act. 

Adopt Administration proposak to authorize recovery of costs for review of project applications. 
Consistent with the proposal in the President’s FY 2016 Budget Request, additional flexibility for certain 
agencies to accept funds from applicants would be appropriate and could expedite the Federal permitting and 
review process. 
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Investing in Energy Infrastructure 

The replacement, expansion, and modernization of dedicated and related energy infrastructure require 
major investment over an extended period of time. Most of the resources will come from the private 
sector — sometimes as approved costs under Federal and state-regulated rate structures for energy delivery 
to consumers and businesses. Nevertheless, a significant number of the infrastructure recommendations put 
forward in this QER call for Federal funds, either for direct investment or for stimulating and incentivizing 
other investments. The desirability of Federal engagement comes in large part from classic market failures of a 
variety of kinds, above all public goods and negative externalities. As noted in a 2012 report by the Department 
of the Treasury and the Presidents Council of Economic Advisers, moreover, there is a large body of evidence 
showing significant private sector productivity gains from public infrastructure investments, in many cases 
with higher returns than private capital investment.* 

The QER calls for increased Federal investments, targeted both at areas of traditional Federal responsibility and at 
new approaches to inform, incentivize, and leverage the investment decisions of state and local governments and the 
private sector that reinforce overarching economic, security, and environmental objectives (see Table SPM-2). 


Table SPM-2. Examples of Federal Mechanisms/Toois Applied to Each Energy Infrastructure Objective 


Objectives ^ 

Resilience, Reliability 

Electricity Grid 

Energy Security 
and Supporting 
Infrastructures 

Shared Transport 

Infrastructures 

improvement 

Mechanisms/Toois y 

Safety and Security 

Modernization 

Direct Federal 
Infrastructure 
Investments 

Provide competitive, cost- 
shared implementation 
grants to harden and 
enhance the resilience 
of electricity TS&D 
infrastructures 

Provide competitive 
grants for State and 
multi-State reliability 
planning to meet 
environmental, resilience, 
and efficiency goals 

De-bottleneck Strategic 
Petroleum Reserve (SPR) 
distribution capability 
through marine terminal 
enhancements 

Provide cost sharing for 
investments in shared 
energy transportation 
systems 

Research, 

Development and 
Analysis 

Develop and 
demonstrate cost- 
effective technologies 
to detect and reduce 

QHG losses from natural 
gas transmission and 
distribution systems 

Assess flexibility and 
value of electricity 
storage 

Enhance research on Arctic 
energy safety and accident 
prevention 

Support research on 
disposal of dredging 
materials 

Data Collection 
and Information 
Management 

Develop a framework 
and metrics for modeling 
and measuring resiliency 

Institutionalize energy 
efficiency evaluation, 
measurement, and 
verification 

Increase the integration 
of EIA energy data with 
Canada and Mexico 

Improve data 
collection on shared 
energy transportation 
infrastructure 

Federal Regulation 

Enhance safety standards 
for gas transmission 
pipelines 

Develop grid connectivity 
and interoperability 
standards to enhance 
safe and reliable grid 
operation 

Revise legal, regulatory, 
and policy roadmaps for 
harmonizing regulations 
for energy emergency 
response 

Eliminate regulatory 
impediments to ensure 
adequate power plant 
fuel reserves. 

Workforce 

Development 

Develop curricula, training programs, and industry-based credenlialing standards to expand energy sector 
workforce 
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Some of these investments were already proposed in the Presidents FY 2016 Budget Request. The 
recommendations that were not proposed in the FY 2016 Budget, both on the mandatory and discretionary 
side, will be subject to the President’s Budget process, including, for example, identification of revenue sources 
or other offsets. Other recommendations would require new authorizing legislation and were not proposed in 
the FY 2016 Budget Figure SPM -6 summarizes select recommendations by chapter, together with initial order- 
of-magnitude cost estimates. More precise cost estimates will depend upon more detailed program design 
and final statutory language. The Administration looks forward to working with Congress to advance these 
recommendations. 


figure SPM-6. Select Recommendations by Chapter 



• Grid Modernization* 

• SPR modernization 

• implementation Grants • 

ASSETS grants for 

(S3, 53) 

and life extension 

for Energy System 

energy-intensive 

* Grants for state 

($1.5-528) 

Hardening ($3-$5B) 

connector projects 

and multi-state grid 

• G'7 Collective Energy 

• Rate Mitigation 

{S2-52.5B) 

reliability planning* 
(S300-S350M) 

Security irritiative 

for accelerated NG 
distribution pipe 
replacement 
{$2.5-$3.58} 

• State Energy 
Assurarjce/ResilienQ' 
Planning Grants* 
{S350-S500M, 
depending on 2 or 3 
year cycle) 

• Strategic Transformer 
Reserve 



Enhance North 
American energy 
integration through 
cooperative measure 
with Canada and 
Mexico 
Caribbean 
Renewables/LNG 
project planning 
support 


Note: Most funding is over 10 years and would be incremental to agency baseline budgets. Programs identified with an asterisk would require 
incremental funding over a shorter time period. 
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liTRODUCTIOi 


This chapter provides a genera! introduction to transmission, storage, and 
distribution (TS&D) infrastructure issues and to the report. It describes why 
TS&D infrastructure is important to the U.S. energy system. It then covers a 
set of trends and issues affecting the current U.S. TS&D infrastructure and 
the demands it w'ill need to meet going forward. Finally, the chapter briefly 
describes the objectives that informed the study's development and the 
architecture of the report that resulted. 
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Chapter 1: Inlroduaion 


The Character of the Nation's TS&D Infrastructure 

The United States has one of the most advanced energy systems in the world, supplying the reliable, affordable, 
and increasingly clean power and fuels that underpin every facet of the Nations economy and way of life. 

The energy TS&D infrastructure— defined here as the infrastructure that links energy supplies, energy carriers, 
or energy by-products to intermediate and end wsm— is large, complex, and interdependent. It includes 
approximately 2.6 million miles of interstate and intrastate pipelines: 414 natural gas storage facilities; 330 
ports handling crude petroleum and refined petroleum products; and more than 140,000 miles of railways 
that handle crude petroleum, refined petroleum products, liquefied natural gas (LNG), and coal. The electrical 
component of the Nations TS&D infrastructure links more than 19,000 individual generators with a capacity 
of 1 megawatt or more (sited at more than 7,000 operational power plants), with more than 642,000 miles of 
high-voltage transmission lines and 6.3 million miles of distribution lines. 

The critical importance of these infrastructure facilities is not only in linking energy system components with 
each other and with end users across the Nation; they also link the U.S. energy system to the rest of the world. 
The TS&D infrastructure elements considered in this report are listed in Table 1-1. 

Table 1-1. Elements of TS&D infrastructure Considered in this Installment of the QER^ 


Fuei/Energy Carrier 

TS&D Infrastructure Eiement/System 



Transmission lines and substations 


Electricity 

Distribution lines and distributed generation 


Electricity storage 



Other electric grid-related infrastructure 



Natural gas gathering lines 



Transmission pipelines 


Natural Gas 

Natural gas storage facilities 


Processing facilities 



Distribution pipelines and systems 



LNG production/storage facilities (including export terminals) 


Coal 

Rail, truck, barge transport 


Export terminals 



Crude oil pipelines 



Crude oil and products import and export terminals 


Crude Oil/ 

Rail, truck, barge transport 


Petroleum Products 

Oil refineries 



Strategic Petroleum Reserve & Regional Petroleum Product Reserves 



CO^ pipelines (including for enhanced oil recovery) 


Biofuels 

Transport of feedstock and derived products, biorefineries 
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The requirements that this TS&D infrastructure must meet are extensive and demanding. It must handle a 
diverse and evolving mix of energy sources and energy products; link sources, processors, and users across 
immense distances; match demands that vary on multiple time scales; co-exist with competing uses of the 
same systems (e.g., ports and railways); and perform 24 hours a day, 365 days a year with high reliability, which 
in turn requires both low susceptibility to disruptions and the resilience to recover quickly from whatever 
disruptions nonetheless occur. The longevity and high capital costs of energy TS&D infrastructure, moreover, 
mean that decisions made about how to locate, expand, and otherwise modify this infrastructure today will 
be influencing — either enabling or constraining— the size and composition of the national energy system for 
decades to come. 

Much of the TS&D infrastructure is owned and operated by the private sector, and a significant portion of the 
legal, regulatory, and policy development and implementation around such infrastructure occurs at state and 
local levels. At the same time, the Federal Government controls and operates substantial TS&D infrastructure 
assets of its own, including inland waterways, thousands of miles of transmission lines, and strategic oil and 
product reserves. Some of the infrastructure elements owned by others are federally regulated with respect to 
aspects of siting, safety, environment, and reliability. Additionally, a number of emergency authorities bearing 
on TS&D infrastructure are vested in the Federal Government. 

A further complexity affecting the TS&D infrastructure management and policy is that these infrastructures 
often reach across state and even international boundaries, thus affecting large regions and making multi-state 
and sometimes multi-national coordination essential for modernization, reliability, resilience, and flexibility. 

In addition, the large capital costs, scale, and “natural monopoly” characteristics of much TS&D infrastructure 
tend to perpetuate the role of incumbent providers; these circumstances constrain innovation and add to the 
usual litany of market failures— public goods, externalities, information deficits, perverse incentives— generally 
understood to warrant intervention through government policy when the proposed remedy is expected to 
have sufficient net benefits to overcome predicable ancillary and unintended consequences. 

Given the complexity of this policy landscape, it should be obvious that Federal policies to encourage and 
enable modernization and expansion of the Nations TS&D infrastructure must be well coordinated with state, 
local, tribal, and (sometimes) international jurisdictions and with full consideration of the interaction of policy 
at all levels of government with private sector incentives and capabilities, to include attention to opportunities 
for well-designed, purpose-driven, public-private partnerships. 

Trends Affecting TS&D Infrastructure Choices 

The US. energy landscape is in a time of transition, 'fhe relevant trends include dramatic changes in the 
pattern of domestic coal, petroleum, and natural gas production; a dra.stically altered outlook for energy 
imports and exports; large increases in electricity generation from wind and sunlight; and an increased priority 
on moving rapidly to reduce greenhouse gas (GHG) emissions from the energy sector. All of these trends have 
significant implications for the Nations TS&D infrastructure. So does another trend that has been building for 
decades, which is a lack of timely investment in refurbishing, replacing, and modernizing components of that 
infrastructure that are simply old or obsolete. These trends and their implications for TS&D infrastructure are 
elaborated briefly in the subsections that follow'. 

Aging Infrastructure and Changing Requirements 

More than a decade ago, a Department of Energy (DOE) report pronounced the US. electricity grid “aging, 
inefficient, congested, and incapable of meeting the future energy needs of the information economy without 
significant operational changes and substantial public-private capita! investment over the next several 
decades.”’^ Although significant improvements have been made to the grid since then, the basic conclusion of 
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the need to modernize the grid remains valid. The Edison Electric Institute estimated in 2008 that by 2030 the 
US. electric utility industry will need to make a total infrastructure investment of between S1.5 trillion and 
$2.0 trillion, of which transmission and distribution investment is expected to account lor about S900.0 billion." 

Modernization of the grid has been made all the more urgent by the increasing and now virtually pervasive 
dependence of modern life on a reliable supply of electricity. Without that, navigation, telecommunication, the 
financial system, healthcare, emergency response, and the Internet, as well as all that depends on it, become 
unreliable. Yet, the threats to the grid — ranging from geomagnetic storms that can knock out crucial transformers; 
to terrorist attacks on transmission lines and substations; to more flooding, taster sea-level rise, and increasingly 
powerful storms from global climate change— have been growing even as society’s dependence on the grid has 
increased. 

In addition, changes in the expectations and desires of businesses and individual consumers have been altering 
what the grid is expected to do. Once satisfied with a simple arrangement where utilities provided services and 
consumers bought power on fixed plans, now individuals and companies want to control the production and 
delivery of their electricity, and technology has become available to implement those wishes, 'lhe.se trends, 
coupled with flat or declining electricity demand, could dramatically alter current utility business models, and 
they are already making it more important to appropriately v'alue and use distributed generation, smart grid 
technologies, and storage. 

Natural gas and oil TS&D inlrastructures likewise pose aging and obsolescence concerns. These infrastructures 
simply have not kept pace with changes in the volumes and geography of oil and gas production. The Nations 
ports, waterways, and rail systems are congested, with the growing demands for handling energy commodities 
increasing in competition with transport needs for food and other non-energy freight, and much of tiie relevant 
infrasStructure— pipelines, rail systems, ports, and waterways alike— is long overdue for repairs, not to mention 
modernization. 

One compelling example is the infrastructure for 
moving natural gas. Close to 50 percent of the Nation’s 
gavS transmission and gathering pipelines were 
constructed in the 1950s and 1960s— a build-out of the 
interstate pipeline network to respond to the thriving 
post' World War II economy {see Figure 1-1). Analyses 
conducted for the Quadrennial Energy Review (QER) 
suggest that natural gas interstate pipeline investment 
will range between $2.6 billion and $3.5 billion per year 
between 2015 and 2030, depending on the overall level 
of natural gas demand. Ihe total cost of replacing cast 
iron and bare steel pipes in gas distribution systems is 
estimated to be $270 billion.* 

Figure 1-1 . Age by Decade of U.S. Gas Transmission and ► 

Gathering Pipelines* 

Nearly 60 percent of U.S. natural gas transmission and gathering lines are at least 4S years old, and 35 percent are 55 years old or older. 



The American Gas Association reports that the total cost of replacing ail cast iron pipe in the United .States would be about $83 billion 
in 20ii dollars, American Gas Association. ’^Managing the Reduction of the Nation’s Cast Iron Inventory,” 2013, vWVW.aga.O'Q/ 

cd, 'O' \,t O’'^ot2%80%99s-cast'h‘on-inver>tory‘. Accessed January 16,2015. According to Pipeline and Hazardous 
Mato la!*, 6afct> Administratuon data, cast iron pipes represent approximately 30 percent of the total leak-prone pipe in the United 
states. IhtTflorc, assuming other pipe replacement has similar costs, the total cost for replacement of all leak-prone pipe is roughly 
$270 billion. 
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Increases in U.S, Oil and Natural lias Production and Proved Reserves 

The United States is the worlds largest combined producer of petroleum and natural gas. In just 2 years, U.S. oil 
production increased by 35 percent from 2011 to 20137 U.S. proved reserves^ of crude oil and lease condensates 
increased each year from 2009 through 2013 and now total more than 36 billion barrels — a level not seen for 
almost four decades.^ Some of this increased production has been in locations that did not have sufficient pipeline 
capacity to accommodate it. For example, proved reserves of crude oil and lease condensate in North Dakota 
recently surpassed those of the Federal waters in the Gulf of Mexico, ranking North Dakota second only to Texas 
among U.S. oil-producing stales.^ 

Industry has responded to the infrastructure gap by expanding pipeline capacity where it can; reversing flow 
direction on other pipelines; converting natural gas lines to oil; and seeking new “workaround” solutions to 
transportation bottlenecks by moving increasing amounts of oil by truck, barge, and rail. 

The profile for U.S, natural gas production and reserves is similar. Between 2005 and 20 13, U.S, production 
increased by 28 percent, and in 2013, proved natural gas reserves in the United States hit 354 trillion cubic 
feet—a new record.*" In 2013, shale gas was 38 percent of U.S. production and 47 percent of proved gas 
reserves; between 2010 and 2013, shale gas production increased by 1 14 percent.'^ The geography of gas 
production and reserves has also changed dramatically. Seventy percent of net increases in proved gas reserves 
are in just two stales: Pennsylvania and West Virginia. This production is also occurring in locations where 
natural gas has not been produced in the past, changing movement of product flows and placing demands on 
the infrastructure to move this product to consumers. 

Decraas^es In CIS Consumption 

At the same time that U.S. oil production has been growing markedly, U.S. oil consumption, and particularly 
consumption of a major refined product (gasoline), has been falling.’’ A number of factors have led to the 
decrease in oil consumption. The Administration has set historic fuel economy standards tor light and heavy 
vehicles in recent years, which are already having an impact. In October 2014, a record was set for new light-duty 
vehicle efficiency in the United States, reaching 24.1 miles per gallon.'" By 2025, passenger and light-duty trucks 
are expected to be more than twice as efficient, reaching an average of 54.5 miles per gallon.' Many ol these 
vehicles are hybrid or electric; widespread deployment of hybrid vehicles could substantially leduce oil demand, 
and wide-scale deployment of electric vehicles would require changes to the United States’ current infrastructure. 
An increase in natural gas heavy-duty vehicles is projected; this is unlikely to make a significant difference in 
TS&D infrastructure requirements.'* 

The Energy Information Administration (EIA) forecasts show a slight drop in oil demand by 2040 as a result of 
these standards; this is a significant change from previous forecasts, which anticipated increases in fuel demand 
in 2040," The Renewable Fuel Standard also requires that a mandated volume of renewable fuels (such a.s 
ethanol and biodiesel) to be blended into U.S. transportation fuels. In 2012, ethanol consumption reached nearly 
1 0 percent of U.S. gasoline demand by volume.® After decades of growth. US. vehicle miles traveled dropped ^ 
between 2007 and 2008 and have been relatively flat since." Specifically, from 1971 through 1995, .average vehicle 
miles traveled growth was approximately 3 percent per year; this growth rate dropped to about 2 percent pet 
year from 1996 through 2007 and has been clo.se to 0 percent from 200,8 to 2012. Vehicle miles traveled per capita 
actually peaked a few years earlier in 2004 and has continued to decline." Finally, a proportion of the decline in 
fuel consumption is the re,sult of reduced demand during the contraction of the economy in 2008 to 2009. 

'■ Proved reserves are estimated volumes of hydrocarbon resources that analysis of geologic and engineering data demonstrates with 
icisoiuble .ettamu ate tecovetaNe under existing economic and operating conditions. Reserve estimates change trom year to ye.ii as 
new dtscovet tes are made extsl.ng fields are more thoroughly appraised, existing reserves are produced, and prices and technologies 

J,.,nge Sec rnerg, Itiloini.it, on .Wniinistration. “US. Crude Oil and Natural Gas Proved Reserves. December 19, aOM. 

( ( tkt' ' tdeo Ireserves'. 
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Chapter 1: Introduction 


Reductions in Net Oil imports 

As a consequence of both increased oil production and decreased oil consumption, net petroleum imports to the 
United States have declined steadily and significantly in recent years. The United States is currently less dependent 
on foreign oil than it has been in over 40 years. In 2005, net U.S. imports of crude oil and petroleum products 
averaged about 12.5 million barrels per day (million bbl/d) of a total of 20.8 million bbl/d of product supplied; 
by year-end 2014,net imports of crude oil and petroleum products exceeded 5.0 million bbl/d of a total of 
19.6 million bbl/d.”' This decrease in net petroleum imports has improved the energy and economic security 
of the United States. The United States remains, however, a large crude oil importer and petroleum product 
exporter:^^ these links into the global market also link the United States to global oil prices and oil price volatUity. 
Continued attention to infrastructure (e.g., the Strategic Petroleum Reserve) that addresses those vulnerabilities is 
needed. 

Increases In Petroleum Product and Natural Gas Exports 

US. exports of crude oil and petroleum products have increased dramatically. In 2005, the United States 
exported 1.2 million bbl/d of crude oil and petroleum products (gasoline, distillate, jet fuel, petroleum coke, 
and hydrocarbon gas liquids); by October 2014, this amount grew to around 4.0 million bbl/d of crude oil and 
petroleum products.” jf^ost 92 percent of total exports are refined products from oil; only 8 percent of the 
total is crude oU.” Many of these refined products are produced or shipped from the Gulf of Mexico, which has 
increased the flow of petroleum and petroleum products in TS8rD infrastructure flowing in that direction. 

In addition, the United States is positioned to become a major exporter of natural gas just 10 years after an 
accelerated development of significant import capacity. Rising supplies and falling natural gas costs in the United 
States opened a price gap with other parts of the world and eliminated most of the need to import LNG. In 
response, developers have started to repurpose previously constructed LNG import terminals to allow exports. 
Approved LNG export permits to Free Trade Agreement and non-Free Trade Agreement countries are about 40 
billion cubic feet per day (Bcf/d) and 5.74 Bcf/d, respectively. Total capacity of natural gas pipelines to Mexico was 
6.5 Bcf/d in 2008,’®'^° and by 2016, ElA projects that the United States will be exporting more than 1 trillion cubic 
feet of natural gas to Mexico annually.” This additional capacity is meant to serve anticipated growing demand 
from Mexico’s electric power sector." 

Onshoring of Energy-Intensive Industries 

According to the Congressional Budget Office, without shale gas. U.S. natural gas prices would be 70 percent 
higher than projected prices by 2040." The availability of lower-cost natural gas and natural gas liquids (NGL) 
provides an advantage for U.S. manufocturers using natural gas or NGL for heal, power, or feedstocks. As 
NGL costs have decreased, process costs for U.S. petrochemical manufacturing, which commonly uses NGL 
as a feedstock, have also decreased. This has enabled some U.S. petrochemical facilities to gain an export 
advantage over other parts of the world,” As a result, many expansions and additions to the U.S. petrochemical 
manufacturing sector have been announced. The industrial sector as a whole has also taken advantage of 
abundant natural gas. U.S. industrial consumption of natural gas has increased 15 percent from 2007 to 20 14.” 
The 2014 Annual Energy Outlook Reference case projects industrial consumption of natural gas and petroleum 
to increase substantially from 2014 levels by 2025 and NGL and petrochemical feedstock consumption to increase 
44 percent from 2014 levels by 2025.” Man)' of these increased operations will require access to, and be sited near, 
natural gas and NGL TS&D infrastructure. As a result, in 2014, renewable energy (including hydropower) made 
up almost 13 percent of U.S. electricity generation." 


1-6 QER Report: Energy Transmission. Storage, and Distribution Infrastruttwe j 2015 



119 


Increased Deployment of Renewable Energy for Power Generation 

Renewable energy deployment in the United States is rising. From 2(K)8 to the end of 2013, the amount of 
electricity generated from wind energy has more than tripled, and the amount from solar has increased by 
more than tenfold.^® Renewable energy systems, including hydropower, wind, biomass, geothermal, and solar, 
generated 523 million megawatt-hours of electricity in the United States in 2013.^’ According to EIA, in the 
first 6 months of 2014, 26 percent of the 4,396 megawatts of new utility-scale installed generating capacity that 
came online were solar additions and one-sixth were wind. Solar additions were up 67 percent over the same 
time period in 2013 and wind more than doubled.'*® 

One important driver of increased renewable energy generation for electricity has been falling costs. 
Photovoltaic solar modules cost about 1 percent of what they did 35 years ago.'*' Analysis by the National 
Renewable Energy Laboratory has found that the average cost for a utility-scale photovoltaic project in the 
United States dropped from about $0.21 per kilowatt-hour in 2010 to $0.11 per kilowatt-hour at the end 
of 2013.^^ A second driver for increased renewable electricity generation has been state-level Renewable 
Portfolio Standards. Thirty-eight states have Renewable Portfolio Standards or some kind of preference or 
goal for renewables.**® Almost all states have met their targets for 2013.'” A third important driver has been the 
Production Tax Credit. 

The increase in renewable electricity has changed demands on TS&D infrastructure. Some significant 
renewable resources are located far from population centers, and construction of adequate TS&D 
infrastructure is key to accessing those resources. Another element of TS&D infrastructure— energy storage — 
may also become more important as a means of integrating higher amounts of intermittent renewables into 
the electric grid. At present, though, the many options for managing and operating the grid have lessened 
demand for long-distance transmission, though this could strand some high-value resources in both the 
midcontinent and otfshore, particularly where there is no nearby demand. Power companies have multiple 
options for meeting state Renewable Portfolio Standards, and depending on how they choose to comply, there 
will be more or less need for additional transmission and distribution systems, particularly interstate TS&D 
infrastructure. For example, Texas requires the use of indigenous renewable resources for power generation 
to meet its standard. While it is the only state to do so explicitly, 17 other states offer a range of preferences 
for in-state renewable generation sources, including rebates or upfront cash incentives, income or franchise 
tax incentives, property or sales tax incentives. Property Assessed Clean Energy or low-interest financing, 
grant programs, feed-in tariffs, and bond funding."® With respect to energy storage, while it is an important 
enabler for variable renewables, the lack of available energy storage is not yet a limiting factor for expansion of 
renewable electricity generation. 

Increased Use of Natural Gas for Power Generation 

Abundant natural gas supply and comparatively low prices have also affected the economics of electric power 
markets. Additionally, recent environmental regulations at the local, state, regional, and Federal levels have 
encouraged switching to fuels with lower emissions profiles, including natural gas and renewables. Natural 
gas demand for power generation grew from 15.0 Bcf/d in 2005 to 21.4 Bcf/d in 2013, and it is projected 
to increase by another 6.2 Bcf/d by 2030.”-''’ " Electricity generation from natural gas rose by 85 percent 
nationally from 2000 to 2013— from 601 terawatt-hours in 2000 to 1,114 terawatt-hours in 2013.^® To better 
understand the scale of natural gas use, total US. natural gas consumption in 2013 was 71.6 Bcf/d.^* 


^ Note that the EIA 2030 projection made does not include laws and policies not enacted or finalized at the time of the projection. 
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pter i: introduction 


Natural gas-fired power plants accounted for just more than 50 percent of new utility-scale generating capacity 
added in 2013, Natural gas-fired capacity continued to expand in 2014.’* Infrastructure changes may be 
needed to accommodate future growth in natural gas use for power, including repurposing and reversals of 
existing pipelines; laterals'-’ to gas-fired generators;^ more looping and compression to the existing network; 
potential new pipelines (although, this could be regionalized); and additional processing plants and high- 
deiiverabilily storage. Under multiple scenarios, the pace of these changes for the interstate natural gas pipeline 
system through 2030 is projected to be comparable to or less than historical build rates. 

Slowing Rate of Electricity Demand Growth 

Growth in U.S. electricity demand is at its lowest level in decades (as illustrated in Figure 1-2), driven most 
significantly by policies that promote energy efficiency, supply/demand balance, and the shift in the economy 
to less energy-intensive industry.’^ It is important to note, at the same time, that while there is low demand 
growth nationally, there is wide variation in the amount of load growth across states and regions (see Figure 1-3). 

Figure 1-2. U.S. Electricity Use and Economic Growth (3-Year Compound Growth Rate), 1350-2040^^ 

Rate of Growth 
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The rate of growth in electricity use has declined since 1950, while the rate of growth in gross domestic product has stayed relatively constant, The 
slower electricity growth rate is a result of several factors, including a decline in errergy-intensive industries, increasing energy efficiency, and the slow 
recovery from the recent recession. 


Representative capacity factors by technology are: coal 85 percent, conventional combined cycle 87 percent, conventional combustion 

turbine 80 percent, nuclear 90 percent, wind 35 percent, solar photovoltaic 25 percent. 

vSraail segments of pipelines designed to linkga,s-fired power plants to the natural gas pipeline system. 
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Figure 1-3. Percent (vv ; fc’icictricity Sales (kiiowatt-hours), 20G8-20t3^' 


There is 3 considerable variation in electricity retaii sales among states and by region, ranging from an increase of 27 percent in North Dakota to a 
decrease of 1 1 percent in Kentucky; these variations are due in part to changes in load growth. 

Power PSant i^Setiremersts 

Since October 2012, utilities have announced the retirement of five nuclear reactors in California, Wisconsin, 
Fiorida, and Vermont; Oyster Creek in New Jersey is also .slated for retirement.^'' US. electricity providers are 
announcing the retirement of a number of coal-generating assets. EIA forecasts 49,4 gigawatts of retirements 
between 2013 and 2020,” Changes in baseload generation will affect transmission infrastructure need.5. 
Market-related factors driving coal retirements include declining growth in electricity demand, lower natural 
gas prices, and changing coal prices. FOue to rising international demand and declines in domestic mining 
productivity, EIA projects steady price increases for coal through 2040;^ meanwhile, market price.s for coal 
have increased by roughly 70 percent since 2000.^’ Coal generation retirements will vary by region, based on 
the amount of existing coal, generation, with regionally varying implications for transmission and bulk power 
system’s operations and reliability. Retirements are also affecting the nuclear power industry, \v’ilh closures 
announced in 2012-201 3 of five imclear reactors, the first since 1998. Nuclear power supplied nearly 19,0 
percent of US, electricity In 2013~-all of it carbon free— yet only accounts for lO.O percent of total in.stailea 
capacity, with 2014 preliminary data showing a record average 90,9 percent capacity factor for the Nations 100 
nuclear The loss of the.se plants could lead to a shift in power flow's across the transmission system. 


122 


Rising Inwestment in Electric Transmission 

According to EIA, between 1997 and 2012 electric transmission investments by private companies and 
investors increased fivefold in real terms (2012 dollars), growing from $2.7 billion in 1997 to $14, 1 billion in 
2012-~reversing a three-decade decline (see Figure 1-4).®* Reasons for increased investment include reliability 
enhancement, connecting to renewables, demand shifts, cost increases, and market reforms that created more 
options for independent generators. 

Figure 1-4. Investment in Transmission infrastructure by Investor-Owned Utilities, 1997-2012®^ 
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Spending on transmission Infrastructure has increased fivefold since the late 5990s. 


Climate Chang© 

Energy TS&D infrastructure has always been shaped not only by the mix of energy supply technologies 
and end-use patterns, but also by the characteristics of the environment where the infrastructure must 
operate, including, for example, terrain, vegetation, soil and seismic conditions, and climate. It has long been 
true, as well, that choices about TS&D infrastructure have had to take into account the need to limit that 
infrastructures adverse impacts on the environment. 

By Ikr the most importimt environmental factor affecting TS&D infrastructure needs now and going forward is global 
climate chinge. Sea-level ri,sc, thawing permafrost, and increa-ses in weather extremes are already affecting TS&D 
infrastructure in many regions. The need to mitigate global climate change by reducing GHG emissions, moreover, is 
accelerating changes in the mix of energy supply options and end-use patterns, and over time, it is likely to become the 
dominant such influence. Reducing GHG emissions from TS&D infrastructure, including methane emissions from 
the tran,smis.siOD and distribution of natural gas, will be increasingly imjjortant in this context. 

Some key aspects of the climate change picture are summarized here as a prelude to the discussion in later chapters 
of how decisions about TS&D infrastructure will likely be influenced by this and other environmental isisues. 
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Climate Science 

The key conclusions from climate science — as embodied in the most recent reports of the Intergovernmental 
Panel on Climate Change, the National Academy of Sciences (jointly with the Royal Society of London),^ ' 
and the Third National Climate Assessment of the U.S. Global Change RcvSearch Program^^ — are that GHGs 
emitted by civilizations energy system are the dominant cause of changes in climate being observed across the 
globe; that the changes not just in average conditions but in extremes are already causing harm to life, health, 
property, economies, and ecosystem processes; and that deep reductions in GHG emissions will be required if 
an unmanageable degree of global climate change is to be avoided. 

Climate Trends 

The annually and globally averaged air temperature near Earths surface has been directly computable from 
thermometer measurements around the world since the late 19th century; determinations of this average over 
the period 1880-2014 by the National Oceanic and Atmospheric Administration and the National Aeronautics 
and Space Administration are showm in Figure 1-5. According to the best estimates of both organizations, 2014 
was the hottest year since 1880, 2010 the second hottest, and 2005 the third hottest. 

The increase in the average temperature, amounting to about 1.4 degrees Fahrenheit for the world and 1.6 
degrees Fahrenheit for the United States, is not per se the essence of the climate change problem, however. 
These average temperatures, like the temperature of the human body, are simply indices pointing to the overall 
state of a very complex system. In the case of climate, the state of the system includes not just the averages, but 
the spatial and temporal variations of temperature, humidity, clouds, winds, rainfall and snowfall, and tropical 
and extratropical storminess, as well as such closely related factors as sea level; sea-ice cover; ocean currents; 
the stability of permafrost; and the amount of water stored in groundwater, snowpack, and mountain glaciers. 

Figure 1-5. Globa! Average Surface Air Temperature Relative to the 1951-1980 Average” 
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Chapter i: introduction 


Climate Change impacts 

A number of the manifestations of global climate change are particularly relevant to the TS&D focus of this 
report. These include dramatic increases in very hot days and heat waves in many regions; a higher fraction of 
rain falling in downpours in most regions {see Figure 1-6); increases in the intensity of droughts, wildfires, and 
the most powerful storms in some; the shrinkage of sea ice and the thawing of permafrost in the far North; and 
the rise of mean sea level. 


Figure 1-6, Observed Change In Very Heavy Precipitation®’ 



Intense precipitation events are becomirrg more frequent, particulariy in the northeastern United States. The map shows percent increases in the 
amount of precipitation falling in very heavy events (defined as the heaviest 1 percent of all daily events) from 1958 to 2012 for each region of the 
United States. 


It is these kinds of changes that have brought climate change home to a large proportion of the worlds 
population, including in the United States. Additionally, because of these manifestations of climate change 
beyond average warming, their impacts on life and property and livelihoods, and the prospect of their 
continuing to worsen going forward, in proportion to the size of future emissions (see Figure 1-7), that many 
policymakers, many leaders of business and civil society, and large majorities of publics around the world have 
concluded that it is time to take action both to reduce those emissions and to increase preparedness for and 
resilience against whatever further changes in climate materialize. 
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Figure 1-7. Change in Average Temperature in the Later Part of this Century (2071-2Q99; 20-year average) Relative 
to the Late Part of Last Century (1 970-1999) under Low- and Hlgh-Emission Scenarios for Globai GHGs®^ 
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Chapter I: intfodaction 


Human Causes of Climate Change 

The most important of the anthropogenic emissions driving global climate change are those of CO^, methane, 
and particulate black carbon. Of the total warming influences exerted by anthropogenic emissions since the 
nominal start of the Industrial Revolution in 1750, 42 percent came from CO, emissions, 24 percent from 
methane emissions, and 16 percent from particulate black carbon emissions; the remainder was divided almost 
equally among emissions of halocarbons, nitrous oxide, and carbon monoxide (which converts to CO^ in 
the atmosphere). The relative importance of CO^ emissions compared to those of the other heat-trapping 
substances has been growing over time, moreover. Based on integrated warming influence over the next 
iOO years, US. emissions of CO, in 2013 accounted for more than 82 percent of the impact of all US. GHG 
emissions combined for that year.'" '^Tlie share of CO^ as a proportion of all global GHG emissions in the same 
year, calculated on the same basis, was about the same.’'' 

The main sources of the anthropogenic additions of CO^ to the atmosphere over the course of the industrial 
revolution have been fossil fuel burning (including flaring of natural gas), cement production, and land-use 
change. By 20 1 3, the fossil fuel and cement contribution accounted for 92 percent of the total. US. CO^ 
emissions from fossil fuels and cement in 2013 amounted to about 17 percent of the world total and came from 
oil burning (40 percent), coal burning (30 percent), useful natural gas burning (25 percent), non-energy uses 
of fossil fuels (3 percent), cement manufacturing and other non-fossil-fuei industrial activities (i percent), and 
gas flaring (I percent).’-' 

In recent years, the main contributors to global emissions of methane from human activities have been the 
fossil fuel system (30 percent of human-caused emissions), livestock (27 percent), landfills (21 percent), 
biomass/biofuels burning (11 percent), and rice cultivation (11 percent).’^ In the United States, which accounts 
for about 8 percent of anthropogenic methane emissions worldwide, the role of the energy system in methane 
emissions has been larger; the main contributors in 2013 were the fossil fuel system (43 percent), livestock and 
manure management (34 percent), and landfills and other waste management (20 percent).” 

TS&D systems are responsible for only a small fraction of overall US. emissions. There are nonetheless 
opportunities to reduce emissions from this sector— -for example, through halting methane leakage from 
natural gas pipelines and processing facilities. And, of course, the expanded implementation of no- and low* 
CO^ energy technologies being undertaken to reduce the energy system's GHG emissions overall will place 
additional demands on TS&D in some cases (e.g., to link remote renewable energy sources with demand 
centers and to move captured CO^ from fossil-fueled (and, possibly biomass-fueled) power plants through 
pipeline networks to sites for productive use or geologic storage). 

The U.S. Response to the Climate Change Challenge 

The Obama Administration has addressed the growing threat from climate change through a comprehensive 
set of energy and environmental strategies to cut GHG emissions domestically and through sustained 
diplomacy to spur global action. 

The Administration's First Term 

First term actions include $80 billion of investments in a cleaner, more efficient U.S. energy future through 
the American Recovery and Reinvestment Act of 2009, as well as additional funding through subsequent 
Presidential budgets; the promulgation of the first-ever joint fuel economy/GHG emission standards for light- 
duty vehicles and new, more stringent energy efficiency standards for commercial and residential appliances; 
and the announcement of a U.S. emissions reduction target in the range of 17 percent below the 2005 level by 
2020 . 
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Other actions to deploy low -carbon solutions included creation of the TIGER program (i.e., the Transportation 
Investment Generating Economic Recovery program), which combines Federal private, state, and local 
lunding to advance public transportation; the public-private Better Buildings Initiative to boost the energy 
efficiency ol commercial and industrial buildings; and promulgation of the first-ever national fuel efficiency 
and GHG emissions standards for heavy-duty trucks and buses. 

The Administration also invested in dean energy technology leadership through increases in DOE funding 
lor research and development on clean energy and energy efficiency; creation of five Energy Innovation Hubs 
linking academia, industry, and government in a concerted effort to overcome barriers to the development 
and commercialization of a variety of cleaner and more efficient energy technologies; and the launch of the 
Transportation Electrification Initiative to accelerate market adoption of advanced electric vehicles. 

'Iliese domestic initiatives contributed to a number of the trends affecting TS&D Infrastructure that were 
mentioned previously in this chapter, such as decreases in oil consumption, increased deployment of 
rencw^able energy for power generation, and slowing the rate of electricity demand growth. 

The Climate Action Plan 

In June 2013, the President announced a comprehensive “Climate Action Plan,” with three piilarsP® 

• Additional measures to reduce dome.stic GHG emi.ssions and bolster land-sector carbon sinks, 
including CO, emission standards for existing and new fossil-fueled electric power plants, an 
interagency strategy to reduce methane emissions, and further commitments to clean energy and 
increased energy efficiency. 

• Measures to increase domestic preparedness for and resilience against changes in climate that can 
no longer be avoided, including directing Federal agencie.s to incorporate dimate change preparedness 
and resilience into their missions and policies, establishing interagency and state/Ioeal/tribal task forces 
on preparedness and resilience to advise on and implement additional steps, developing strategies 

and partnership.s for managing floods and droughts, and mobilizing science and data to support these 
efforts. 

• Leading international efforts to address climate change, including not just leading by example, but 
also bilateral and multilateral engagement on emission reduction targets and technologies (focusing 
particularly on the largest-emitting nations), assistance on building preparedness and resilience 
(focusing particularly on developing countries), and mobilizing clean energy and preparedness finance. 

As noted in the Preface, the “Climate Action Plan” also mandated the production of an interagency QER.of 
which this report is the first installment. 

Among the actions subsequently taken under the “Climate Action Plan,"^' those with the greatest potential 
relevance for the future of I'S&D infrastructure (and thus most germane to the focus of this report) include 
the following: 

• On domestic emissions, changes to TSScD infra.structure will play a role in achieving the interagency 
strategy to reduce methane emissions nationwide, in the acceleration of permitting for new renewable 
energy projects on public lands and military installations, and in the implementation of Executive 
Orders requiring that Federal departments and agencies— including those with responsibilities relating 
to TS&D infrastructure— take climate change into account in all of their policies and programs, 

• On preparedness and resilience, an Executive Order in November 2013 established both an 
interagency Council on Climate Preparedness and Resilience to coordinate the Federal Government’s 
activities in this domain and a State, Local, and Tribal Leaders Task Force on Climate Preparedness and 
Resilience to advise the President and the council on .need.s on the ground. A climate data initiative was 
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launched in March 2014 to make available, in convenient form, all of the relevant data held by Federal 
departments and agencies; the “Third U.S. National Climate Assessment'’ (providing information 
tailored to regional and sectoral preparedness and resilience needs, including the needs of the energy 
sector) was released in May 2014, and the first version of a user-friendly US. Climate Resilience Toolkit 
vizs released to the public in November 2014. Among the benefits of these initiatives is better data and 
insight forTS&D infrastructure owners, regulators, and other stakeholders concerning the potential 
effects on that infrasStructure of climate-driven phenomena such as sea-level rise. 

• On internationai engagement, in November 2014, in a joint announcement with Chinese President Xi, 
President Obama announced a new U.S. target for post-2020 GHG emission reductions; 26 percent to 
28 percent below 2005 levels by 2025. At that event, the Chinese government made the unprecedented 
commitment that Chinese emissions would peak by around 2030 and that China would boost its 
economy- wide share of non-fossil-fuel energy to about 20 percent by that time. Since then, the United 
States has worked with other countries, including Mexico, to secure ambitious climate change and clean 
energ}' commitments from those two countries, as well. Improvements to TS&D infrastructure will play 
a role in facilitating the achievement of the U.S. target and in increasing clean energy trade and market 
integration with Mexico. 

Results of the Administration's Energy and Climate Policies 

Between 2008 and 201 4, the U.S. economy grew by 8.5 percent while total energy use and electricity generation 
both fell by 0.6 percent. That means the energy efficiency and electricity efficiency of the U.S. economy-real 
gross domestic product per quadrillion British thermal unit of total energy and real gross domestic product 
per billion kilowatt-hours of electricity— both grew during this period by 9.1 percent, an average of about 1.5 
percent per year.'^* U.S. GHG emissions in 2013 were 7,0 percent below the 2008 level and 9.2 percent below the 
2005 level used as a reference point for U.S. emissions reduction targets.^'’ 

A large part of these recent emi.ssions reductions have come from the electric power sector, where emissions 
from coal burning declined 21.3 percent and emissions from all fossil fuel combustion in power plants 
declined 15.4 percent between 2005 and 2014.*'’ Key factors contributing to this trend have included a 
reduction in demand growth; fuel switching from coal and petroleum to lower-carbon natural gas; and the 
previously mentioned growth in generation from wind and solar energy.** In addition, a combination of state 
and Federal policies, plus industry actions that include improved gas infrastructure equipment, contributed to 
a 13 percent decline in methane emissions in natural gas systems between 2005 and 2012.®'* 

The Path Forward 

As noted above, the Obama Administration committed formally in 2009 to a target of reducing U.S. GHG 
emissions to a level in the range of 17 percent below the 2005 value by 2020, and it committed further, in 
November 2014, to a level 26 percent to 28 percent below the 2005 value by 2025. Historic and projected U.S, 
emissions under these targets, to 2025, are shown in Figure 1-8. 

The Administrations actions under the “Climate Action Plan” put the United States on a path to meet the 
Administration’s 2020 and 2025 targets. According to the "US. Climate Action Report 201 4” submitted by the 
Administration to the UN Framework Convention on Climate Change, US, emissions reductions by 2020 
under the “Climate Action Plan,” compared a 2012 Policy Baseline scenario,’ could amount to 485 million 
metric tons to 800 million metric tons in energy sector CO^, 100 million metric tons to 135 million metric 
tons of CO^ equivalent in hydrofluorocarbons reductions under the Montreal Protocol, and 25 million metric 


The 2012 Policy Ba-seline Scenario assumes no additional measure$ beyond those in place in 2012 are implemented. 
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Figure 1-8. Historic and Projected U.S. GHG Emissions under Obama Administration Targets®^ 
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tons to 90 million metric ton.s of CIO, equivalent in methane reductions under the “crdimate Action Plans” 
Methane Strategy.*'"* The report indicates that these and a combination of smaller reductions from other sectors 
of the economy would bring total U.S. emis.sion.s in 2020 down to the range of 17 percent below 2005 levels, 

Steepening of the downward trend after 2020, as Figure 1 -8 shows, will be required in order to reach the 
target of 26 percent to 28 percent below the 2005 level by 2025. This is to be accomplished through several 
means, including implementation of carbon emission standard.s for the power sector that will drive further 
shifts to low- and zero-carbon fuels, cleaner electricity generation technologies, and continuing improvements 
in end-use efficiency. Improvements in TS&l) infrastructures will assist in meeting these goals. While the 
Administration’s 2020 and 2025 targets are ambitious, it is clear that continued reduction in GHG emissions 
will be needed beyond 2025 in the United States and globally. These reductions will continue to drive 
significant changes in TS&D infrastructure in the longer term. 

Energy Finance for TS&D infrastructure 

Significant investment by both the private and public sectors will be required to meet energ)^ objectives and 
reduce \mlnerabilities to di.sruptive events, but capital and cost of capital issues will be less challenging in 
the near term than regulatory or market structure barriers. Although most energy TS&D assets are privately 
or non-federally funded and owned, significant elements of the Nations shared transport infrastructure, 
increasingly important for energy commodities, are federally funded and owned. 
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Private Sector Financing for Infrastructure 

As an investment ciass, infrastructure generally is considered to be a long-term investment with relatively low 
risk, -and most energy TS&D infrastructure projects fall into this category. Capital generally is available for 
projects that have a predictable revenue stream, have stable cash flows, and are based on proven technologies.®'®^ 
Tliese may include distribution infrastructure investments, where the rate bavSe and rale of allowed return on 
investment have been established for the utility by the public service commission through the rate case process, 
or investments by a natural gas midstream pipeline company that have signed long-term contracts with 
suppliers or shippers. Ibese stable, predictable returns are attractive to capital markets, including institutional 
investors, many of whom are looking for lower-risk, longer-duration assets to match long-dated liabilities.®^’ ^ 

Barriers to investment tend to arise from unfavorable market fundamentals or regulatory challenges, rather 
than from constraints related to access or cost of capita (although, this may change if interest rates rise or 
risk spreads change). These barriers include lack of full market valuation (e.g., for grid ancillary services, 
including storage) and lack of information for decision makers (e.g., to inform an appropriate level of resiliency 
upgrades). Additionally, market externalities, such as climate change impacts due to GHG emissions, are not 
addressed. Additional public financing mechanisms may help support investment; for example, by de-risking 
projects that incorporate innovative technology, as well as ameliorating near-term affordability issues such as 
rate shock to customers from infrastructure modernization (further discussed in Chapter II, Increasing the 
Resilience, Reliability, Safety, and Asset Security of TS&D Infrastructure). 

Fyblic Sector Financing for tnfrastrycture 

'Ihe Federal Government funds and owns key elements of the Nation’s energy systems, such as the Strategic 
Petroleum Reserve for liquid fuels and the Power Marketing Administrations for electricity. 'Ihe government 
also plays a role in demonstrating and deploying first-of-a-kind technologies at scale, such as through the 
DOE Loan Program. In addition, the Department of Agriculture’s Rural Utility Service provides support for 
TS&D infrastructure. In addition, energy TS&D infrastructure investments have been supported by F'ederal tax 
credits and vStructures, such as master limited partnerships for natural gas and liquid fuels transmission, tax- 
exempt municipal bonds for public utilities, and investment tax credit for storage associated with renewable 
power. 

Large segments of shared infrastructure, such as highways, water transportation, and ports, are supported by 
public funds.®’’ For example, water transport infrastructure, including canals, shipping channels, and locks, are 
constructed and maintained by the Army Corps of Engineers through Federal appropriations. In many cases, as 
discussed in Chapter V (Improving Shared Transport Infrastructures), these assets serve a vital and increasing 
role in the transport and distribution of energy supplies, which have been underfunded for many years. 

Ibis installment of the QER and the analysis supporting its recommendations suggests the need for substantial 
additional private and public sector investment. Targeted Federal investments will be needed in areas such 
as the Strategic Petroleum Reserve, ports, and waterways, as well as other areas of traditional government 
rc,sponsibilily, and to incentivize the mobilization of private sector capital Appropriately designed Federal 
investments will pay significant dividends for the Nation’s competitiveness, energy security, and the transition 
to a clean energy future. As disruptive events to energy infrastructure become more prevalent, the Federal 


For exampk.onepanelist at iheQER Finance Stakeholder meeting in New York City commented that today’s market has a 
tremendous amount of capital cha.sing“a dearth of [financeable] projects.” See: Department of Energy. "Summary of Presentations 
and Comments at the Quadrennial Energy Review Stakeholder Meeting # 1 3.” p. 2. October 6, 201d, 

Additionally, global total capital for all mutual fund and institutional investors is estimated at approximately S75 trillion, with 
approximately $20 trillion in US, pension funds alone, although only a fraction of this capital is currently dedicated to the 
infrastructure asset class. See: Ceres. Investing in the Clean Trillion: Closing The Clean Energy Investment Gap." Vv w■v^,^co^S 5 .org/ 

resourcevreports/!nvest:ng--in-the>ciea-n-t,ril!ion-c!osinQ-the-cJe3n-energy.-investment-gspA''iew. 
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Government can build and incentivize the capacity of states, tribes, and locaHlies for greater reliability, 
resiliency, and recovery through energy assurance plans and grants. 

Energy Infrastructure Data and Information 

Policymakers and companies rely on energy data to understand the status and evolution of national energy 
systems and associated implications for markets, resilience, environment, safety, and other issues. One of the 
major goals of policymakers is to forecast potential trends or disruptions to the system, identih' vulnerabilities, 
accurately characterize and quantify the scale of externalities, and then direct the response that is in the 
national interest. Good decision making by public and private entities alike on energy investments and policies 
requires accurate, accessible data and analysis. There are three overlapping areas around data that need to be 
improved in order for the Federal Government to accomplish its energy policy goals: data gaps, analytical 
methodology, and modeling/visuaiization tools. 

Many national-level data gaps in liquid fuels, natural gas, and electricity infrastructure need to be filled, 
particularly for environmental and safety issues and energy-related transport. In many cases, current data 
is either outdated, sporadically collected, privately held, not coordinated in definitions or formats, “siloed” 
in different databases, or simply not collected. For example, information of railway congestion related to 
energy product transportation is severely outdated, with data often lagging by 2 years or more (see Chapter V, 
Improving Shared 'Fransport Infrastructures). 

Energy stakeholders also need improved, commonly accepted analytical methodologies to define, measure, 
verify, and evaluate option.s in order to make more accurate and timely decisions regarding infrastructure. 

Ffor example, frameworks and tools for assessing energy infrastructure resilience to disruptions vary widely 
across industries and government agencies and may be well-tailored for specific industries and sectors, but are 
not designed to aid policymakers and regulators in understanding current vulnerabilities; in deciding where 
to focus efforts and investment to increase resilience; or in determining what level of resilience is needed to 
protect consumers, safety, and the economy. 

Finally, as the quality and consistency of data improve, models available to the Federal Government must 
be adapted to utilize that data effectively and to address key emerging policy questions. For example, 
models cannot fully address issues of electric grid congestion at a national scale. Further, while many 
energy-sector-specific modeling and visualization tools already exist, these often are likely to ignore critical 
interdependencies or operate with low temporal resolution. Gaps also exist in high-quality modeling and 
visualization tools in specific subsectors, such as electricity distribution, natural gas production, bulk gas 
transmission, and the liquid fuels network. 

TS&D Infrastructure Goals and Architecture of the Study 

'lliis report’s integrated assessment of the emerging threats, risks, and opportunities for TvS&D energy 
infrastructure in the United State, s was guided by three high-level goals; 

Economic competitiveness; Energy infrastructure should enable the Nation to, under a level playing field and 
fair and transparent market conditions, produce goods and services that meet the test of international markets 
while simultaneously maintaining and expanding jobs and the incomes ot the American people over the longer 
term. Energy infrastructures should enable new architectures to stimulate energy efficiency, new economic 
transactions, and new consumer services. 

Environmental responsibility: Energy infrastructure systems should be developed and managed in an 
environmentally responsible manner, taking into consideration the imperatives of climate change and the 
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societal costs and benefits of reducing or avoiding pollution and land-use impacts on a lifecycle basis in order 
to minimize their environmental footprint while enabling better environmental performance for the energy 
system more broadly. It is also important for policies to promote equity and avoid disproportionate impacts to 
any particular populations. 

Energy security: Vulnerabilities resulting from disruptions to energy infrastructure should be minimized 
from disruptions in supply and mitigate impacts of disruptions, including economic impacts. If disrupted, the 
U.S. energy infrastructure should be able to recover quickly. Energy security should support overall national 
security and encompass a collective approach to U.S. allies, other friendly nations, and trading partners. 

The "Desirable Infrastructure Characteristics” box provides a longer list of characteristics that U.S. TS&D 
infrastructures should embody (in varying degrees) by 2030. The overall structure of the study and its 
recommendations is depicted in Figure 1-9. 


Desirable Infrastructure Characteristics 


In addition to the high-level goals of competitiveness, energy security, and environmental responsibility, this report focuses 
on how to enhance a more granular set of desirable characteristics that transmission, storage, and distribution infrastructures 
should, in varying degrees, embody by 2030; 

Reliability. The ability of a system or its components to operate within limits so that instability, uncontrolled events, or 
cascading failures do not result if there is a disturbance, whether the disturbance is a disruption from outside the system or an 
unanticipated failure of system elements. Reliability also means that a system's components are not unexpectedly failing under 
normal conditions. 

Resilience. The ability of a system or its components to adapt to changing conditions and withstand and rapidly recover 
from disruptions.To the extent that actions improve a system’s ability to withstand disruptions, they might be characterized as 
enhancing reliability, or resilience, or both. The ability to recover from a disturbance, however, is specific to resilience. 

Safety. Achieving an acceptably low risk to life and health in the design, construction, operation, and decommissioning of 
a system. That level of risk is determined by taking into account the magnitude of potential consequences, the probability of 
those consequences occurring, and the costs of risk mitigation. 

A minimal environmental footprint. Energy systems should be efficient and designed, constructed, operated, and 
decommissioned in a manner that minimizes carbon pollution. They should have a minimal impact on air quality and water 
quantity and quality, have a minima! land-use footprint, have a low impact on biological resources, and have minimal toxic 
emissions. 

Flexibility. Energy infrastructure should be flexible enough to accommodate change in response to new, expected, or 
unexpected internal or external system drivers. Flexibility could include extensibility, the ability to extend into new capabilities 
beyond those required when the system first becomes operational; interoperability, the ability to interact and connea 
with a wide variety of systems and subsystems, both in and outside of the energy sector; and optionality, which provides 
infrastructures or features of infrastructures that would allow users to maximize value under future unforeseen circumstances. 
Distributed generation, for example, could include these characteristics. 

Affordability. Ensures that at both the system and component levels, costs and defined needs {or requirements) of users are 
balanced with their ability to pay and consider the value created by the energy goods or services for the users or the system. 
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Figure 1-9. Objectives, Goals, and Organization of the QER*® 



Infrastructure Objeaives Cjosscui';^ issues 

Tills figure shows the comprehensive set of imeractions and overlapping objectives and goats ot energy TS&D infrastructure, and of the correspond- 
ing organization of the QER. 

Figure Notes: 

1 , Analyses were conducted with high-level national goats as the guideposts; (1) energy security, (2) environmental responsibility, and 0) eco- 
nomic competitiveness. 

2, Central to the QER is a set of four analytically derived objectives that represent an integrated approach to assessing the adequacy of our Tfj&D 
energy infrastructures for supporting these high-levei goats. These objectives are; (1) increasing TS&D resilience, reliability, safety, and asset 
security; (2) modernizing the electric grid: (3) modernizing U.S. energy security infrastructure; and (4) improving shared transport infrastructures, 

3, The QER also provides rnore conventional sector-ievei analyses of three infrastructures that represent key fuels/energy carriers: { t ) liquid fuels, 
(2) natural gas, and (3) electricity, Each of these is described in detait in Appendices A, B, and C Finaliy, the figure shows s host of additional 
crosscutting government and private sector mechanisms/tools that ertabie or impede energy infrastructures in achieving the objectives, these 
are represented in the surrounding drctes and inciude jobs and training, environment, and siting. Other crosscutting issues are embedded in 
the integrated analysis. 
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Assessing Trends Using Scenario Analysis 


The QER used scenario analyses to assess the impact of many of the factors previously described on the need 
for liquid fuels, natural gas, and electricity transmission infrastructure between 2014 and 2030. The scenarios 
explored infrastructure changes and TS&D investments that might be required under a range of possible 
future conditions, including changes in policy. Factors analyzed included, among others, an economy-wide cap 
on CO, emissions driving a 40-percent reduction in 2030, decreases in renewable generation costs, increased 
natural gas prices, and dramatic expansions of LNG export capacity (see Table 1-2). Each of these scenarios 
was rim individually, and some were run in combination. The scenarios were defined to be “stressing” as they 
were not those considered most likely, but were those that might require the greatest amount of change in 
existing infrastructure. Each scenario was compared to the Annual Energy Outlook 2014 Reference case. 
Scenario outputs included the amount of additional transmission and storage infrastructure built, GHG 
emissions, and energy costs. 

Table 1-2. QER Scenarios 


Scenarios 

Model 

Base Case: Annual Energy Outlook 2014 Reference Case 

Natural Gas 

* High domestic gas demand 

* High world gas supply 

* High U.S, exports 

Deloitte (MarketPoint) 

♦ Coupled gas infrastructure and electricity market models 

• Outputs include major pipeline capacity expansions and 
new pipeline builds 

Electricity 

• low wind cost 

• Low solar cost 

• Low-cost storage 

• High/low electricity demand 

• High natural gas prices 

• 40-pcrcent economy-wide greenhouse gas reduction by 2030 

• High penetration of distributed generation (photovoltaic) 

• High natural gas use 

• No new transmission 

National Renewable Energy Laboratory 
(Renewable Energy Deployment System, ReEDS) 

• Electricity generation capacity expansion model 

• Outputs include transmission capacity expansion, 
generation, electricity costs, etc. 

Liquid Fuels 

• Lciw/high oil resource 

• Revisit oil export ban/keep intact 

• Low oil demand 

Energy Policy Research Foundation, Inc, 

(Ponderosa Crude Flow Model) 

• Pipeline ^ow and refinery mode! allocates domestic and 
foreign crude oil based on refinery demand and margin 
optimization 

Oak Ridge National Laboratory/Jacebs Model 

• Detailed refinery modeling (Jacobs) informs simplified 
refinery, crude distribution model (Oak Ridge) 


The natural gas scenario analysis results indicated that even under conditions of high domestic gas demand 
or high US. gas exports, the amount of new gas transmission infrastructure needed is lower than or 
coramensurate with historical build rates. More new infrastructure is needed for the high US. exports case 
than for the high domestic demand case because new pipelines would be needed, especially in the Gulf region. 
The electricity scenarios similarly showed that transmission needs through 2030 do not significantly exceed 
historical build rates under a wide range of renewable energ>' deployments, under a GHG cap, and under 
accelerated retirements. Certain scenarios do, however, produce different regional transmission needs; for 
example, more transmission is required in the Great Lakes region relative to the base case if wind costs drop by 
about 15 percent. Finally, liquid fuels scenarios showed that very little liquid fuels transmission infrastructure 
will be built even under high-demand conditions. 
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in parallel with the QER, DOE is conducting a Quadrennial Technology Review examining energy research, 
development, demonstration, and deplo)mient opportunities. Unlike the QER, which assesses the entire energy 
sector, the QTR is more directly focused on DDEs internal research and technology priorities. The first QTR 
was issued in 20 U, and the box below describes the 2015 QTR effort. 


The Quadrennial Technology Review 


The Quadrennial Technology Review (QTR) is 3 report issued by the Department of Energy (DOE) that examines the most 
promising research, development, demonstration, and deployment (RDD&D) opportunities across a broad spectrum of energy 
supply and end-use technologies. The first QTR was issued in 2Q1 1; DOE is anticipating the release of the second review in 
mid-201 5. While the Quadrennial Energy Review (this report) is focused on infrastructure and policy issues across the public 
sector, the QTR is primarily focused on DOE-supported RDD&D to meet national energy challenges and goals. The two reviews 
are parallel to and complementary with each other. 

The 20 1 1 QTR defined a framework for urrderstanding and discussing energy system challenges; established a set of priorities 
for DOE; and explained to stakeholders the roles of DOE and its national laboratories, the broader government, the private 
sector, academia, and innovation in energy transformation. 

The 2015 edition of the QTR wii! describe the Nation's energy technology landscape and the dramatic changes that have 
taken place sirsce the first report in 201 l.The 2015 QTR will approach the analysis from a system.s perspective to explore the 
integration of science and technology. It will include chapters on the following; 

• Advancing systems and technologies to produce cleaner fuels 
« Enabling modernization of electric power systems (grid) 

• Advancing dean electric power technologies (generation) 

• Increasing efficiency of building systems and technologies 

• innovating dean energy technologies in advanced manufacturing 

• Advancing clean transportation and vehicle systems and technologies 

• Enabling capabilities for energy science and technology. 

As with the 201 1 QTR, the 2015 QTR will inform DOE’S strategic planning through detailed technology assessments that 
examine potential RDDSD pathways and their impacts out to 2030 and beyond. 

More information on the QTR can be found at www.energy.gov/qtr. 
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Organization of the Remainder of the Report 

Ihe analysis conducted for the QER identified four major integrated objectives that address near-, mid-, and 
long-term energy infrastructure needs and challenges, which arc covered in Chapters 11 through V: 

. Chapter II. Increasing the Resilience, Reliability, Safety, and Asset Security of TS&D Infrastructure, 
focusing on the range of vulnerabilities and growing threats for TSScD infrastructures and ways to 
decrease those vulnerabilities, including hardening them to make them less vulnerable, more reliable 
and resilient, or safer. 

• Chapter III. Modernizing the Electric Grid, enabled through infrastructures, policies, technologies, 
and other mechanisms. 

. Chapter IV. Modernizing U.S. Energy Security Infrastructures in a Changing Global Marketplace, 

including physical, market, and geopolitical recommendations. 

• Chapter V. Improving Shared Transport Infrastructures, focusing on rail, waterways, ports, and 
roadways— transportation modes shared by other commodities and products that are seeing significant 
increases in use for the transportation of energy commodities. 

The report also focused on crosscutting areas of inquiry that are important to the integrated analyses, as well as 
the analyses of the physical energy infrastructures in Chapters through IX: 

• Chapter VI. Integrating North American Energy' Markets summarizes how an integration 
of the North American energy market could enhance energy security, reliability, resiliency, and 
competitiveness policies affecting cross-border infrastructures. 

• Chapter VII. Addressing Environmental Aspects of TS&D Infrastructure focuses on ways to cut 
carbon pollution and protect the environment. 

• Chapter VIII. Enhancing Employment and Workforce Training focuses on enhancing jobs, 
competitiveness, and training for modernizing energy infrastructures. 

• Chapter IX. Siting and Permitting of TS&D Infrastructure focuses on promoting siting and 
permitting policies that expedite infrastructure build-out while protecting the environment and 
communities. 

The processes through which the findings and recommendations emerged are de.scribed in: 

• Chapter X. Analytical and Stakeholder Process describes how the QER analysis was informed by the 
stakeholder outreach effort and provides details on the systems analysis commissioned to support the 
QER. 

Sector-specific analyses of the following physical infrastructures (listed in more detail in Table l-l) were also 
completed and accompany this report as appendices, as does a summary of Federal emergency authorities 
germane to recovery of TS&D infrastructure after disasters: 

• Appendix A. Liquid FueLs 

• Appendix B. Natural Gas 

• Appendix C. Electricity 

• Appendix D. Federal Emergency Authorities. 
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Chapter II 


INCREASING THE RESILIENCE, 
RELIABILITY, SAFETY, AND 
ASSET SECURITY OF TS&D 
INFRASTRUCTURE 


This chapter addresses a broad range of challenges to the resilience, reliability, 
safety, and asset security of transmission, storage, and distribution (TS&D) 
and shared infrastructures. The challenges vary among different types of TS&D 
infrastructure and among different regions of the United States. First, the 
electric grid is examined. The grid is especially vulnerable to extreme weather 
events. It also is vulnerable to low-probability/high-consequence events. 

Natural gas is the second TS&D infrastructure discussed. Here, in addition to the 
examination of vulnerabilities and interdependencies, is a discussion of safety 
issues. The third major section of this chapter addresses the resilience, reliability, 
and asset security of TS&D infrastructure for liquid fuels. This chapter concludes 
by presenting a series of major recommendations, a number of which cut across 
and address multiple infrastructures and challenges. 
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FINDINGS IN BRIEF: 

Increasing the Resilience, Reliability, Safety, and Asset Security of TS&D Infrastructure 


Mitigating energy disruptions is fundamental to infrastructure resilience. Mitigating energy disruptions is 
particularly important because other critical infrastetturesr^on energy sewices.to operate, and these interdependencies are 
growing. Should disruptions occur, it is essential to cempt#ten$m and tested emergency response protocols to stabilize 

the system and begin recovery. 

Transmission, storage, and distribution (TS&D) infrastructure is vulnerable to many natural phenomena 

These indude hurricanes, earthquakes, drought, wildfires, flooding, and extreme temperatures. Some extreme weather events 
have become more freqoetvt and severe due to climate change, and this trend will continue. Sea-level rise resulting from 
dimate change, coupled with coastal subsidence in the Mid-Aflantic and Quit Coast regions, Increases risks and damages to 
coastal infrastructure caused by storm surge. 

Threats and vulnerabilities vary substantially by region. In many cases, a particular natural threat or infrastructu'e 
vulnerability will be region specific (e,g., Gtilf Coast hurricanes threatening refineries), dampening the utility of national, one- 
size-fits-ail solutions for reliability and resilience. Regional solutions are essential. 

Recovery from natural gas and liquid fuel system disruptions can be difficult. Although liquid fuels and natural gas 
disruptions are less likely than electricity disruptions, it is relatively more difficult to recover from disruptions to these systems i 
than electric systems. Recovery from natural gas disruptions is particularly difficult because of the need to locate and repairs^iw 
underground breakages. 

Cyber incidents and physical attacks are growing concerns. Cyber incidents have not yet caused significam : 
disruptions in. any of the three sectors, but the number and sophistication of threats are increasing, and information , ; 

technology systems are becoming more integrated with energy infrastructure, there have been physical attacks; while some : ■ 
physical protection measures are in place throughout TS&D infrastructure systems, additional low-cost investments at sensitive: 
facilities would greatly enhance resilience, ss.s5S:s« c 

High-voltage transformets are critical to the grid. They'reptesent one of its most vulnerable components. Petite 
expanded efforts bj industry and federal regulators, current programs to address the, vulnerability may not be adeqdate to 
address the security and teliability concerns associated with simultaneous failures of multiple high-voltage transformers. 
Assessment tools and frameworks need to be improved. Research has focused more on characterizing vulneraWrities 
and identifying mitigation options than on measuring the effects of best practices tor response and recovery. In addition, : 
assessmenttools and frameworks tend to characterize the impacts of disruptions on system performance, but ate less able to 
examine impacts on national or regional consequences tike economic loss or toss of life. 

Shifts in the natural gas sector are having mixed effects on resilience, reliability, safety, and asset security. : 

The addition of onshore shale gas infrastructure benefits natural gas resilience by decreasing the percentage of infrastlBctute 
exposed to storms. The Energy information Administration reports that the Guff Coast percerrtage of natural gas production 
went from IS percent in 2005 to 6 percent in 2013. On the other hand, overall reliance on gas for electricity has gone 
creating a new interdependence and.gfid vulnerability. Furthermore, addifional export infrastructure resulting fram.the natural 
gas boom would increase vulnerabiiltles to coastal threats, such as sea-tevel rise. 

Dependencies and interdependencies are growing. Many components of liquid fuels and natural gas systems — 
including pumps, reflreries, and about 5 percent of natural gas compressor stations— require electricity to operate. The 
interdependency of the electricity and gas systems is growing as more gas is used in power generation. 

Aging, leak-prone natural gas distribution pipelines and associated infrastructures prompt safety and 
environmental concerns. Most safety incidents involving natural gas pipelines occur on natural gas distribution systems. :: 
These incidents tend to occur in densely populated areas. 
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The Importance of Resilient, Reliable, Safe, and Secure TS&D 
Infrastructure 

Building a resilient, reliable, safe, and secure energy infrastructure is a national priority and vital to American 
competitiveness, jobs, energy security, and a clean energy future. President Obama highlighted the importance 
of energy infrastructure in Presidential Policy Directive-21, in which energy infrastructures were described as 
“uniquely critical.” 


Presidentlaf Policy Directive-21^ 


in februaiy 2013, the President broadened the natkwia! efort io ahd maintain secure, funcfening, and rei 

aiticai infrastructure by issuing Presidential Polity Direciive-21, Critka/tnfiastrwture Secm^ and Resilience. The dir© . 
applies to all criticai infrasbuctures. but calls oit energy iiiashBCbJres as beir^ “uniquely criticar due to the enabling 
functions they provide across all other critical infrastructures. Iffife doaiment goes on to define resilience as"t{ie ability to 
prepare for and adapt to changing conditions and withstar^d aid ieecww rapidly from disruptions. Resilience includes the 
abiiiy to withstand and recover from deliberate attacks acc«tent% or naUffally occurring threate or inddents." Threats 
may include natural or human-made hazards, sudi as hurrfcanes or physical ftreats.lhe consequences of these hazards to 
infrastructure broadly affect social weifere. They go be^d the ^iliiy of a system to cerate and address the vitality of ou" 
national safe^, prosperity, and well-teing, 

^ The White House CMSce. “Presidential PoBqf Directive 21 - Critical Infrastructure Security and Resilience.” Felwusuy 12, 20J 3. 
http'.//vvww.whitehouse.gov/theq5ress>office/2013/02/12/prestdenhat-policy-directive-crrticaWnfrastructure-‘Security- 
ancbrestl. Accessed February 2, 2015. 


TS&D infrastructures — key components of the Nation’s energy systems — include approximately 2.6 million 
miles of interstate and intrastate pipelines, 142 operable refineries, about 642,000 miles of high-voltage 
transmission lines, and almost 6.3 million miles of electricity distribution lines.' These vast energy TS&D 
networks reliably deliver dectricity, transportation fuels, and heat to more than 300 million American 
consumers daily and provide industry with feedstocks for a large range of products. The US. bulk electric 
power transmission system, for example, had high availability (97-98 percent) during the period from 2008 to 
2013.* In less than one decade, the US. natural gas and oil TS&D infrastructures have successfully connected 
significant new sources of supply to processing facilities and consumers. In addition, in just a few short years, 
ethanol has moved from a niche fuel to 10 percent of the Nation’s gasoline supply, supported by a TS&D 
system that has been flexible enough to accommodate this growth. 

The imperative for resilient TS&D infrastructures going forward is to maintain the high performance of the 
existing systems; to continue to accommodate significant grovrth in domestic supplies; and to manage and 
adapt to new technologies, threats, and vulnerabilities in cost-effective ways. These vulnerabilities are growing 
and exacerbated by climate change. 

In addition, TS&D infrastructures are becoming increasingly interdependent and interconnected. These 
extremely complex systems consist of physical TS&D facilities (such as transmission lines, pipelines, and 
storage facilities); cyber-dependent communications or control networks; roadways, railways, and waterways; 
and human decision makers (such as consumers, legislators, investors, and CEOs).^-'* A key interdependency 
(and vulnerability) for all sectors and critical infrastructures is reliance on electricity, making its reliability a 
fundamental need and requirement economy-wide. 
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The private sector, states, and Federal Government all play crucial roles in ensuring that TS&D infrastructures 
are reliable, resilient, and secure. Responsibility for resilience, reliability, and safety of privately held TS&D 
infrastructure lies mostly with the state public utility commissions and other state energy regulators, but 
also with Federal regulators such as the Federal Energy Regulatory Commission, the Nuclear Regulatory 
Commission, and the Department of Transportations Pipeline and Hazardous Materials Safety Administration. 
Given the national significance of these infrastructures to interstate commerce and the economy, the Federal 
Government regulates aspects of their operation and has other emergency authorities that it exercises in the 
public interest. Communication, coordination, and cooperation among all of these entities, in the exercise 
of their respective responsibilities, is essential. Key Federal emergency responsibilities relevant to energy 
infrastructure are highlighted in Appendix D. 


• Reliability refers to the ability of a system or its components to operate within limits so that instability, uncontrolled 
events, or cascading failures do not result if there is a disturbance, whether the disturbance is a disruption from outside 
the system or an unanticipated failure of system elements. Reliability is also used by industry to mean that a system's 
components are not unexpectedly failing under normal conditions. 

• Resilience refers to the ability of a system or its components to adapt to changing conditions and withstand and 
rapidly recover from disruptions. To the extent that actions improve a system's ability to withstand disruptions, 
they might be characterized as enhancing reliability, or resilience, or both. The ability to recover from a disturbance, 
however, is specific to resilience. 

• Safety refers to achieving an acceptably low risk to life and health in the design, construction, operation, and 
decommissioning of a system. That level of risk is determined by taking into account the magnitude of potential 
consequences, the probability of those consequences occurring, and the costs of risk mitigation. 

• Security refers specifically to the ability of a system or its components to withstand attacks (including physical and 
cyber incidents) on its integrity and operations. It overlaps, in part, with the concepts of reliability and resilience. 


The Impacts of Disruptions on Energy TS&D Infrastructures 

Disruptions of TS&D infrastructures have serious consequences for the Nation and many regions of the 
country. Extreme weather and climate change is a leading environmental risk to this infrastructure. Low- 
probability, extremely high-consequence events, such as geomagnetic distrubances, must also be anticipated 
and managed. Figure 2-1 shows the regional distribution of various natural disasters in the contiguous 48 
states. 
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Figure 2*1 . illustration of Tornado and Hurricane Tracks, Wildfires, Earthquakes, and Coastal inundation^ 



This figure maps the regionai distribution of major natural disasters to help visualize regiof^ai vulnerabilities. This visualization shows the lower 48 
states, but analysis was also completed on Alaska and Hawaii. 


■Enersy Infrastructure Damage from Hurricane Sandy^ 

|^cMSar% landfall In New Jereey and asi|i«l^^pical cydone dnOcRte 29, 2012,'nie stem destroyedsiiasi;; 

i^hbortioods along the coast and directly or inctelly Idlledi^gii^^fiecipie. At its peak, it knocked out power® 8.ffi,mMon: 

: aistomets fratrt North Carolina to Maine and as far west as Illin^aisS^fcoonsin. Sandy's impact on the rein's petroleum 
! iiAastructure Was severe, with flooding and power outages at refS^fppelines, and pelrolaim termhais in the New York Haibofiss 
area, leading to ctepressedp^pleum ptoAia sn^ in the North^^Sock drawd®«^, and temppraiy price increases. Neatly 2 ; 
weeks after the storm, (M;oductdellveiies (outflows) from petroiei#^s^ tetminals ki the New York Harbor had returned tt ail' 

81 peKientp{fheltpre.stormlev^.6re8te hnatuiaigas lines cai^,^*isome locations resuifmginthedesSuaioti of many' 
teSidencesThesiipply issues, at New York Harbtktotninafecomb^iiife, power ouSges at retail fueling stadms, led tovvi(fe(^ad , 

' gasoline shoirages in the New York City area in the weeks after laiii^jllfewas largely caused by flooding damage to major tertninals 
•and docks inthB After .kill area rjfNevv Jersey. AsatesulbpoiteiJe'^herators sat unoad arid lines at fueling sftttens Were 
and probtemabc, while consumers struggled to ktentily which gas stations had power and were operational. Sigiiificart% these feet ; 
shotta^ det^ first respondets and otha- response and recovery officials. 

,h t^ar.tmeht of Housing and Urban development “Huihicane S^cty Rebuilding Strategy.” p 24. Htjrricahe Sandy RebuUdmg^: ^ 
: s Jask force. MtpY/potlal.hutj.ggvYhudpgiiairdoOitnents/hudrJochduhsrebuildingstraiegy.pdf. 
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Natural disasters, equipment and maintenance failures, and physical attacks come at a significant cost. A 
National Research Council study looking at the 2003 blackout that affected the Midwest, the Northeast, 
and Canada concluded that “the economic cost of the 2003 blackout came to approximately $5 per forgone 
kilowatt-hour, a figure that is roughly 50 times greater than the average retail cost of a kilowatt-hour in 
the United States.”* Data suggest that electricity system outages attributable to weather-related events are 
increasing, costing the U.S. economy an estimated $20 billion to $55 billion annually.^ 

In the United States, there were 11 mdividMu/ weather disasters costing $1 billion in 2012, second only to 2011 
for the most on record.® Insurance data identifies almost $22 billion in total losses from a range of weather 
events in 2013, excluding self-insured losses.’ 

Extreme weather events resulting in more than $1 billion in damages are increasing, as seen in Figure 2-2. 

The damages represented in this figure are broader than energy infrastructure; these trends, however, must be 
considered in future energy infrastructure policy. 


Figure 2-2. Billion-Doliar Disaster Event Types by Year''^‘ 

Number of Events 



■ Drought ■ Flooding u Freeze Severe Storm ■ Tropical Cyclone Wildfire ■ Winter Storm 
Costly weather-related disasters have been increasing in frequency over the past decade. 


Extreme weather has a range of impacts on TS&D infrastructure. The severity of hurricane impacts on 
all energy infrastructure is highlighted in Table 2-1. Heat waves — also extreme weather events — affect 
electric TS&D infrastructure in several ways, including reducing the efficiency of electric transmission and 
distrubution circuits; increasing the load on the grid associated with additional demand for air conditioning; 
and reducing the efficiency of cooling at thermal power plants that can result in lower power plant output.'* 
Drought and extreme cold pose challenges to TS&D infrastructure by, for example, impeding barge transport 
of energy products. Drought also decreases the water available for natural gas processing.'^ 


Data from ali original events were adjusted for inflation (using the Consumer Price Index, to 2014 dollars), prior to identifying events 
that exceeded $l billion in damages. Caution should be used when interpretii^ long-term trends; data quality improves over time. 
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Continued increasCvS in extreme weather can cause multipie stresses to energ)^ systems more broadly, 
exacerbating direct eifects on TS&D infrastructures. Sequential or compounded extreme weather events, such 
as Hurricanes Katrina and Rita, can result in significant nationwide economic and safety consequences that 
also aifect TS&D infrastructures. 


Table 2-1 . Probability and Severity of Hurricane Damage to Uquid Fuels and Natural Gas Infrastructure^^- ' 


Tropical Storm 
(39-73 MPH) 


Hurricane Cat 1-2 
(74-95 MPH. 96-110 MPH) 


Hurricane > Cat 3-5 
(11M29 MPH. 
130-156 MPH. >157 MPH) 





Insignificant 




insignificant. 




Insignificant 


Crude Tank Farm 


Insignificant 


'’g 


$K3n,.lt{ '>1 


Reflnsries 


Insignificant 


Shgn'kam 


Natiira) Gas Plants 


Insignificant- 


Product Storage 
Terminals 


insignificant 


Propane Tanks 


Insignificant-, bty 


Insignificant^, . low. 




Underground Storage tow 


Insignificant-,;-, : -L0W 


.Insignificant.: 


'.insigriifiicint^ 


ING Terminals 


insignificant , 


Insignificant 


Local Gas Distribution low 


Filling Stations 


Insignificam 


SPR/NEHHOR 


Insignificant :- low-Med 


Probability 

Severity of 

Probability 

Severity of Pi 

of Damage 

Damage 

of Damage 

Damage oi 


This table is an example of infrastructure damage from natural disasters (here showing tropical storms and hurricanes), For three ranges of intensity 
of tropical storms and hurricanes, the severity of probable damage was rated qualitatively using a 5-point scale (i.e., insignificant, interrupting, 
significant, major, and catastrophic) and probability also on a 5-point scale (i.e. low, low-medium, medium, medium-high, high). Ihese ratings were 
based on the extensive review of impacts from past events and judgment of industry experts. 


Damage severity is defined by ease of recoverability. Infrastructure damage categorized as insignificant includes damage that can be 
resolved -with no outside help (i.e., clearing downed trees).InlermptingdamageisassocLated with damage that probably requires 
outside assistance to repair. Recovery from significant damage is problematic and causes minor delays. Major damage requires 
replacements to resolve and causes major delays. Dam^e defined as catastrophic disrupts infrastructure for months, it5 addition to 
requiring rebuilding. 
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Chapter il: Increasing the Resilience, Retiabiiity, Safety, and Asset Security of TS&D Infrastructure 


As a result of greater awareness of the direct and indirect effects of climate-change-related extreme weather> 
there has been growing interest in understanding and reducing the impacts of disruptions. There is evidence 
that pre-disaster hardening of critical energy infrastructures could help save lives and reduce economic losses 
to individuals, businesses, insurers, states, and the Federal Government. A statistical study of 5,500 Federal 
Emergency Management Agency mitigation grants awarded between 1993 and 2003, while not specific 
to energy, found that the benefit-cost ratio for mitigation investments was about 4:1. In order to spend 
investment dollars more wisely, it is essential to focus on modernizing TS&D infrastructures at the same time 
that they are being hardened. 

A barrier to progress on understanding and reducing the impacts of disruptions on TS&D infrastructures is 
that frameworks, tools, and metrics for assessing and prioritizing energy infrastructure resilience, reliability, 
and security actions and investments vary widely across industries and government agencies.'^’® While 
resilience measures may be well-tailored for specific industries and sectors, they are not designed to aid 
policymakers and regulators in understanding current vulnerabilities; in deciding where to focus efforts and 
investment to increase resilience, reliability, and security; or in determining degrees of resilience that are 
needed. At the regional level, the lack of commonly used analytical methods for determining the appropriate 
level of resilience, as well as what resilience projects are prudent, can lead to difficulty in determining which 
resilience projects should be recoverable in rates. 

The sections that follow analyze the vulnerabilities to disruption of each major TS&D infrastructure sector-— 
electricity, natural gas, and liquid fuels — as well as the dependencies and interdependencies that could magnify the 
effect of any given disruption. There is substantial variability in the impact of natural threats on TS&D infrastrcutures, 
depending on the region in which they are located and on vulnerabilities inherent in the infrastructures of each sector. 

Resilience, Reliability, Safety, and Asset Security for the Electric 
Grid: Analysis of Vulnerabilities 

Resilience and reliability of the electric grid is essentia! to the economy and our way of life. Electricity 
transmission is vulnerable to many of the same types of threats as electricity distribution, but each sector also 
comes with discrete risks. Differences in risk arise from the purpose of the equipment, from technological 
differences, and from regulatory aspects of transmission versus distribution systems. Analysis to inform the 
Quadrennial Energy Review (QER) identified components of four categories of electricity TS&D‘® that are 
particularly vulnerable to hazards and ranked the vulnerabilities from low to high; 

• Electricity Transmission: High vulnerability to physical attacks and wind; medium-high vulnerability 
to earthquakes, wildfires, snow and ice, extreme heat, and geomagnetic storms. 

• Electricity Substations: Medium-high vulnerability to cyber and physical attacks and geomagnetic 
storms — large power transformers (LPTs) in such substations are a particular concern. A common 
vulnerability for substations is flooding, and flood vulnerability has a relatively high probability. 

• Aboveground Electricity Distribution: High vulnerability to wind; medium-high vulnerability to 
earthquakes, physical attacks, wildfires, and snow and ice. 

• Control Centers: Medium-high vulnerability to cyber and physical attacks. 


RAND documented 172 resilience metrics in peer-reviewed literature, and many others exist outside the literature, specific to single 
industries or even individual companies. There appear tp be fewer metrics for liquid fuels and natural gas infrastructure than for 
electricity — this literature review found 105 metrics specifically related to electricity systems and only 67 for natural gas and oil. 
Existing metrics appear abundant for assessing resilience at the fitdlity or system levels, but RAND found only 30 assessing regional 
or national resilience, many of which dealt with market factors rather than system performance. RAND also found that most metrics 
related to elements of disruption mitigation rather than systan outcomes. 
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Weather-Related and Other Reliability Vulnerabilities 

HistoricaHy, weather-related disturbances are the leading source of grid outages. For a 5-year period from 2008 
to 2012, estimated costs of weather-related power outages ranged from $107 million to $202 billion.’^ Weather- 
related disturbances have a far greater impact on grid reliability — measured in terms of customer interruption 
hours— than component failures, physical attacks, and cyber Incidents combined (see Figure 2-3). 



Figure 2-3. Left Figure: Electric Disturbance Events, January 2011-Augu5t 2014; Right Figure: Customer Hours 
Affected by Electric Disturbance Events, 2011-August 2014^^ 

# of Events # of Customer Hours (millions) 


Weather ■ Component Failures and/or Weather ■ Component Failures and/or 

Internal Causes Internal Causes 

SB Physical Attack ■ Cyber Attack Physical Attack ■ Cyber Attack 

While weather was responsible for less than half of ail reported incidents, weather accounted for the vast majority of customer interruption hours 
from 2011 to 2014. Not all reported events (shown on the left), such as voltage reductions and public appeals, result in actual customer outages 
(shown on the right). 

Tlie frequency and severity of certain types of extreme weather events have led to greater vulnerabilities for 
electric transmission and distribution systems.*’ Recent Department of Energy (DOE) analysis^® examining the 
effects of climate change on infrastructure exposure to storm surge and sea-level rise found that vulnerabilities 
are likely to increase for many energy sector assets, including electricity. Figure 2-4 illustrates that, under the 
highest sea-level rise scenario from the National Climate Assessment,^' by 2030 the number of electricity 
substations in the Gulf of Mexico exposed to storm surge from Category 1 hurricanes could increase from 255 
to 337. Projected sea-level rise by 2050 would increase the number to roughly 400. Any significant increase 
in hurricane intensities in a warmer climate would greatly exacerbate exposure to storm surge and wind 
damage. Another important factor is current and projected development patterns, which is expected to have a 
larger effect on energy infrastructure vulnerability than rising sea levek, particularly in regions where energy 
distribution infrastructure is being built to serve growing populations in exposed coastal areas.^^ 
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Chapter il: Increasing the Resilience, Reliability, Safety, and Asset Security of TS&D Infras^ucture 


Figure 2-4. Gulf Coast Electricity Substation Facilities' Exposure to Storm Surge under Different Sea-Level Rise 
Scenarios^*' 



Sea-level rise increases the vulnerability of electricity substations to inundation caused by hurricane storm surge. Future vulnerabilities correspond 
with a high-end sea-leve! rise scenario of 1 0 inches in 2030, 23 inches in 2050, and 32 inches in 2060, The baseline vulnerability corresponds with 
sea levels in 1992. 


Other extreme weather events that are projected to increase with climate change and have regional and 
possibly national-scale impacts include extreme heat waves, droughts, and wildfires that can damage 
electricity infrastructure or reduce transmission efficiency. U.S. temperatures are projected to continue rising 
in the coming decades.^® Electricity transmission and distribution systems carry less current and operate 
less efficiently when ambient air temperatures are higher.^* Case studies indicate that sudden, extreme heat 
can cause transformers to malfunction or stop working.^’ Increasing temperatures also will likely increase 
electricity demand for cooling, which could increase utilization of transmission and distribution systems 
during peak demand periods. Increasing air and water temperatures also reduce the efficiency of power 
plant cooling, which increases the risk of partial or full shutdowns of generation facilities and loss of the grid 
services that they provide during heat waves.^ 


^ The Platts Electric Substation data contains point features representing a total of 55,819 electric transmission, sub-transmission, and 
some distribution substations in North America. These substations can be located on the surface within fenced enclosures, within 
special purpose buildings, on rooftops (in urban environments), or underground. 

^ Areas inundated by hurricane storm surge do not account for local land subsidence, which will further increase the exposure of 
infrastructure in this region. Note that 2030, 2050, and 2060 vulnerabilities correspond with 10 inches, 23 inches, and 32 inches of 
sea-level rise, respectively. Zero sea-level rise corresponds with sea levels in 1992. 
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Drought is also problematic. In 2014, California experienced its third driest year in 119 years of record 
keeping.^’ As a consequence, California hydroelectric generation— and the use of hydroelectric power for load 
leveling and energy storage — was significantly reduced. In June 2014, California hydroelectric generation was 
only 59 percent of the June average of the preceding 10 years.®* In addition, annual temperature profiles can 
impact the liming of water availability.^^ A rapid spring diaw of the snowpack can overload reservoir capacity 
and lead to lost energy. Increasing frequency and severity of wildfires (also linked to droughts), particularly 
in the West, may damage electricity transmission and distribution infrastructure (such as utility poles, lines, 
transformers, and substations) and lead to power outages.^^ 

Physical Attacks, Geomagnetic Disturbances, and Cyber Incidents: High- 
Consequence, Low-Probability Events 

In addition to the impacts of severe weather and climate change, the electric grid is vulnerable to other events, 
including malevolent acts — such as physical attacks and cyber incidents — and geomagnetic disturbances. 

Large Power Transformers Vulnerable to Attacks 

LPTs can weigh hundreds of tons, are expensive, and are typically custom made with procurement lead times 
of 1 year or more.^^ In addition, due to their size and weight, moving LPTs presents logistical challenges 
requiring specialized equipment, permits, and procedures (see Chapter V, Improving Shared Transport 
Infrastructures, for more discussion of logistics challenges). 

The loss of critical LPTs can result in disruptions to electricity services over a large area. Such a loss could be 
due to the customized nature of the components and the associated manufacturing requirements, as well as 
physical attacks (such as the Metcalf incident), natural hazards (such as geomagnetic disturbances, discussed 
below), or extreme weather (such as floods, salt water corrosion, and sudden heat waves). In the Metcalf attack 
on a substation in California, "multiple individuals outside the substation reportedly shot at the [high-voltage] 
transformer radiators . . . causing them to leak cooling oil, overheat, and become inoperative.”^^ 

The United States has never experienced simultaneous failures of multiple high-voltage transformers, but such 
an event poses both security and reliability concerns. The Edison Electric Institute, seeking to manage such 
vulnerabilities, has established a Spare Transformer Equipment Program, enabling utilities to stockpile and 
share spare transformers and parts. The inventory under this program is not large enough, however, to respond 
to a large, coordinated attack. Transformer design variations and the logistical challenges associated with their 
movement pose additional challenges to maximizing the effectiveness of the program. A National Research 
Council study referring to this effort noted that The industry has made some progress toward building an 
inventory of spares, but these efforts could be overwhelmed by a large attack” and that "it alone is not sufficient 
to address the vulnerabilities that the United States faces in the event of a large physical attack.”’^ 

The National Research Coimcil study further included as its number one recommendation that the 
Department of Homeland Security (DHS) should work with DOE and industry to "develop and stockpile 
a family of easily transported high-voltage recovery transformers and other key equipment.” 'Ihe study 
acknowledged that the costs and benefits are hard to estimate, but noted that the benefits of sudi a stockpile 
would be “many times [the] cost” if available to respond to an event^ The Western Area Power Administration 
proposed a strategic transformer reserve pilot program and included a calculation of costs. Under this 
program, the Federal Government would purchase 1 10 large transformers at a cost of $324 million to provide 
backup units for the roughly 20,000 LPTs nationwide in emergency events. The Federal Government could 
mitigate the cost of the program by sharing the burden with industry. The benefits would accrue to the entire 
national grid (valued at more than $1 trillion) and directly to the U.S. economy by avoiding outages. 
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Chapter !!: Increasing the Resilience, Reliability, Safety, and Asset Seciiiity of TS&D Infras&octure 


Large Power Transformers: Lade of ''Off-the>SheK" Options Coidd Impact ReflabiHty* 



; : Sometime5thechaf!engeofcomp!etingintaiwiaetevKtm««is4qKn{lenton^®JWia^#i^^^^?«5lto^'S^ihe ; 
• manufactunng of large power transfmmers. IheAWeaem Area ■ 

: reanttransformer procurement arid a 

critical deadline. In December 2013 — 13 ^ 

Ibis resumed in an initial 4-montb deiaytodie©5)e{3^deft^ date.Bie &ansfornier^w^??i>^^^di^«fB0:1o the site, i ^ 
: but was compromised due to contamination. Ihis reqo«ed rctwimg tfw Uansformer to and; is 

,o;,v correaive measures. In die factory/the transformer ^ v'factorytts HOmon* ' 'pe 

original delivery date. Delivery to the site, finalas»ml%, arrf«»te testing and tommfssiofij^'wi^s corseted 1 year after 
the originat scheduled in-service date. Virile the deadlme%€ommerdat operation was u'timately met, was no room for 

^ errew and significant uncertainty in die ab% to meet the t^We^/ssvice deadline..The lack of off-the-shelf »» 5 former options 

* Email communication betwen Western Area Power AdmmistratioB and Departoent of Energy, Office of Energy Policy and 




The use of smaller, less-efficient, temporary replacement transformers may be appropriate for emergency 
circumstances. In 2006, the Electric Power Research Institute suggested building compact “restoration 
transformers” that would fit on large cargo aircraft and trucks.^^ Since then, DHSs Recovery Transformer 
Program has developed and tested a flexible transformer that is transportable by truck and can be installed 
within several days of an incident. These technologies could help address logistical concerns with moving large 
transformers in the event of disruptions. 

Geomagnetic Disturbances 

Geomagnetic storms are another high-consequence hazard for the electric grid that presents concerns 
due to the increasing reliance of many critical infrastructures on grid functions. These storms arise when 
charged particles and magnetic fields ejected from the Sun interact with Earth’s magnetic field. The resulting 
geomagnetically induced currents create a significant threat to the reliability of the interconnected grid across 
North America. Though the probability of an extreme geomagnetic storm is relatively low in any given year, the 
occurrence is almost inevitable at some point in the future. Geomagnetic storms have the potential to damage 
transformers and other critical grid assets over large geographical areas, A geomagnetic storm in 1989 resulted 
in a blackout in Montreal and most of the Province of Quebec. In October 2003, an intense geomagnetic 
storm caused a blackout in Malmo, Sweden, and damaged several transformers in South Africa. Economic 
and societal costs attributable to impacts of geomagnetic storms could be very large. A 2013 Lloyds of London 
report indicated that geomagnetic disturbances could cost the economy as much as $2.6 trillion and take 1 to 2 
years for a full recovery^* (to put this in perspective, the Northeast blackout in 2003 was estimated to have cost 
between $4 billion and $10 billion). 

Cyber incidents 

As seen in Figure 2-3, from 2011 through 2014 there were few reported cyber incidents on the electric grid and 
none reported that resulted in system outages. Cyber threats to critical infrastructure, though, are increasing. 
More than half of the cyber incidents to which DHS’s Industrial Control Systems Cyber Emergency Response 
Team responded in 2013 related to energy installations.^® Cyber events have the potential to cause significant 
and far-reaching problems on the power system.^” Administration actions on cybersecurity are discussed in 
greater detail on page 2-37. 
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Electricity TS&D Vulnerabilities Vary by Region 

While all regions of the country are susceptible to certain weather-related disruptions, grid TS&D infrastructure 
in three regions is expected to be particularly vulnerable to climate change and extreme weather events:'*^ 

Southeast: Due to increasing temperatures, heat waves, and humidity, the Southeast is expected to require 
the steepest growth in electricity transmission and distribution to meet cooling demand.^^ The region also 
is exceptionally vulnerable to sea-level rise and hurricanes (see Figure 2-4); challenges that are exacerbated 
by growing coastal populations.*^ 

Southwest: Climate changes pose particular challenges for the Southwest, which is expected to get hotter 
and significantly drier; the regional population also is expected to increase 68 percent by 2050, further 
increasing electricity transmission and distribution load to meet higher cooling demands.** The increased 
frequency and severity of wildfires are expected to have significant impacts on electricity transmission and 
distribution in the Southwest. In 2007, due to a wildfire, San Diego Gas & Electric and Southern California 
Edison had to reduce their electrical loads by 500 megawatts, nearly 80,000 customers lost power, and more 
than two dozen transmission lines were out of service with damage to 35 miles of wire.*^ 

Atlantic and Gulf Coasts: Due to land subsidence, rising sea levels and shifts in ocean currents, heavier 
downpours, and the potential for more intense hurricanes in the future, coastal infrastructure in these 
regions is increasingly exposed to erosion, flooding, storm surge, and damage from high winds. Coastal 
development patterns that do not take these trends into account increase the vulnerabilities in these regions. 
Hurricanes Katrina and Rita combined downed more than 85,000 utility poles, 800 distribution substations, 
and thousands of miles of transmission and distribution lines, leaving more than 3.5 million customers 
along the Gulf Coast (especially in Louisiana, Mississippi, Florida, and Texas) without power at the height of 
the disruptions.*^ As another example, 75 percent of the net annual power generation in the New York City 
metropolitan region comes from 27 power stations that lie in the Federal Emergency Management Agency 
100-year flood zone, a vulnerable position for a vast proportion of the region’s energy infrastructure. 

Dependencies of the Electricity Grid on Other TS&D Systems 

As noted, ail critical infrastructures depend on electricity; the electric grid also depends on other energy and 
related infrastructures within the scope of the QER. Coal, natural gas, and, to a limited extent, petroleum 
are used as fuels for power generation; the systems that move these fuels to generators are critical to the 
grid. Natural gas demand for power generation is expected to grow 30 percent by 2030, making electricity 
generation increasingly dependent on natural gas supply and transmission systems.** Generation from 
petroleum was only 0.6 percent of the total in 2013, but dual-fueled (natural gas and petroleum) plants in 
the Northeast increased electricity reliability in the winter of 2013-2014 when the extreme cold of the polar 
vortex threatened to constrain natural gas supplies. Power generation from coal is dependent on shared 
transportation infrastructures, especially rail; this dependency is discussed in greater detail in Chapter V 
(Improving Shared Transport Infrastructures). 

Other key dependencies of the electric power sector include the following: 

• The use of liquid fuels to power vehicles to repair and service transmission and distribution lines. 

• Road, barge, and rail transportation networks used to deliver fuels, including liquefied natural gas for 
peaking facilities, and equipment supplies to generation stations. 

• Transportation of LPTs, challenging because their large dimensions and heavy weight pose unique 
requirements to ensure safe and efficient transportation. Water is used for cooling and to reduce emissions. 

• Natural gas, propane, and diesel to provide fuel for microgrids. 

• Supervisory control and data acquisition and energy management systems that are essential to 
operations. 
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Chapter II: Increasing the Resilience, Reliability, Safety, and Asset Security of TS&D Infrastructure 


Actions for Managing Grid Vulnerabilities 

Options for managing the vulnerabilities of the electric grid span a wide range of technological sophistication. 
To date, activities and investments have been primarily at the lower end of the technology range, focused on 
bulk changes in physical infrastructure, such as building physical barriers or moving equipment, building 
backup systems, building non-wooden or reinforced poles, and burying lines underground.^® Reliability and 
resilience projects have also included operations and maintenance activities, such as aggressive vegetation 
management. While it might be considered low-tech, vegetation management is an essential activity; both the 
1996 West Coast and 2003 East Coast-Midwest power out^es started from trees along transmission lines. 

A growing number of options for managing grid vulnerabilities to extreme weather use new technologies like 
smart meters and automated switching devices that allow for much quicker recovery times from disruptions. 
Microgrids and distributed generation technologies also provide options for improved resilience during storms.^” 

Incorporation of newer technologies is happening slowly. For example, about 90 percent of recent resilience 
project funds, in response to Hurricane Sandy, were spent on bulk infrastructure changes and additional 
operations and maintenance activities rather than on upgrading infrastructure components with advanced 
smart grid technologies.'^’ Some utilities are doing more than bulk infrastructure changes. After Hurricane 
Sandy took out ConEdisons substation on the lower East Side, helping to throw lower Manhattan into 
darkness, for example, the utility’s plan of action included construction of walls and barriers; installation of 
pumping equipment and submersible network equipment; and the deployment of smart grid tools to enhance 
network flexibility in emergencies.^ 

Barriers to Managing Electric Grid Vulnerabilities 

As an integral part of risk management, utilities have proposed and completed projects to harden their 
infrastructures against wind and flood damage for many years; several state public utility commissions have 
issued rulemakings and other regulatory instructions related to electricity infrastructure resilience and 
hardening since 2005.” Yet, in some cases, procedural barriers to cost recovery for addressing vulnerabilities 
remain. 

Rate-based cost recovery for repair of damages already incurred by storms and for future long-term 
investment programs remains the most common mechanism for paying for these damages. The criteria, 
process, and timing of this cost recovery vary widely between states. For example, states such as Oklahoma, 
New Hampshire, and Connecticut allow resilience project cost recovery through surcharges or other rate- 
adjustment mechanisms that allow utilities to immediately rate base their expenditures rather than waiting 
for the next rate case. Many states, however, have prohibitions against single-issue ratemaking, meaning that 
a utility that does not have a general rate case scheduled in the near future would have no recourse to recover 
its costs for resilience measures, perhaps for years.®* Investments in efficiency and distributed generation 
are increasingly recognized as viable strategies for improving energy system resilience (see Chapter HI. 
Modernizing the Electric Grid); for example, the New York State Department of Public Service recently 
approved such projects as part of a broader rate case focused on hardening and resilience.®® 

Beyond procedural barriers, there are problems with inadequate information and tools with which to manage 
for resilience. Quantitative measures of adequacy of resilience investments, or even a commonly accepted 
method for determining the appropriate level of resilience at either the transmission or distribution level, 
do not exist. For example, while the North American Electric Reliabilty Corporation develops and enforces 
mandatory reliability standards applicable to the bulk electric system (subject to Federal Energy Regulatory 
Commission review, approval, and independent enforcement authority) and, more recently, physical security 
and geomagnetic disturbance standards, there are no mandatory standards in place that speak directly to grid 
resilience against natural disasters. In addition, there is no common, generally accepted analytical method of 
determining whether it is prudent to implement alternative resilience projects.®® 
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Distribution hardening projects are separately planned on a utUity-by-utility basis; data are not systematically 
reported, which makes any central coordination difficult in the event of a large-scale regional or national 
problem. Resilience project metrics and analysis methods typically are defined on a locality-by-locality basis, 
starting with risk-assessment modeling of, for example, flooding or wind damage. The analysis may incorporate 
specific critical infrastructure, population, vulnerability, and duration to quantify the risk reduction and 
economic cost-benefit of alternative resilience projects.” Methods for analyzing the potential economic impact 
of weather-related damage is a topic of ongoing development,*® and data for performing this analysis can be 
insufficient.” 

The power industry’s resilience-related risk assessments largely focus on physical and cybersecurity— rather 
than extreme weather and climate change — and currently rely on information from the Federal Government. 
Incomplete or ambiguous threat information may lead to inconsistency in physical security among grid 
owners, inefficient spending of limited security resources at facilities (e.g., to address overestimated 
threats), or deployment of security measures against the wrong threat. For example, while physical barriers 
could protect against one particular type of attack, incorporation of better communication technologies 
could simultaneously reduce vulnerabilities to multiple forms of risks, such as physical and cyber threats, 
geomagnetic disturbances, electromagnetic pulses, and natural disasters." The Federal Government can fill 
gaps in creating data sets, tools, and assessments that provide a more complete and robust analytical approach 
to measuring resilience needs and investments. It can also step in where the utility industry is not well- 
positioned to make significant investments— such as where new, innovative technologies can be introduced, 
but they face barriers to cost recovery in the rate base. 


Administration Initiatives on Electric Grid Resilience 


The BuiW America Investment Initiative. This Initiative H an Interagency effort led l?y the Departments of Treasury and : 
Transportadon to promote increased investment In U.S. infrastructure, particularly through public-private partnerships. Ihe 
Department of Enwgy has paitldpat«l in the effort and included several recommendations, related to resilience Of the elecdlcl^ , 
sectOT that focus on data, informadon. and analytical tools. The inidative establish^ an elearidty resll(ence ,inf6rm8dbn portal ,, 
at the Department of Energy to provide data, toots, and best practices to support investment in .resilient etectrldty .Infrastrudore; 
Improve electricity sector data availability and data standardization; develop analytical tools to evaluate the ^potential Impacts ■ ; 
of climate change in assessments of electricity resilience Investments; aeate starrdard metrics to account for die benefits 
of resilience in electricity Infrastmaure investment decisions; and establish a resilience course to educate state and ICMial 
stakeholders on. robust decision making related to new infrastnjcture;si||^v: : 

Coor^itarion and Outreach to Reduce Vulnerabilities of the Grid to ffie Loss of large Power Transformers. Tne 

: Administration has made it a pnoniy to work with industiy to identify challenges and create solutions for incma^ng the securtty 
and resilience of the etectrlc'grid, including the development of an integrated national plan to mitigate challenges peftainifig to 
aging power transformers, the cyber and physical security of transformers, and the vulnerabilities of large power tiahsformers. 
The Administration Is working wid trade association leadership and the private sector to Improve the coordination of ;^isdng 
and planned transformer-sharing programs and to identify solutions for transformer replacement capabiilties as part of Its. : : . 
rfforte to enhance the resilience of the Natbn’s electric grid. These efforts will be part of a formal national strategy ^planned W' 
release in 2015} for strengthening the security and resilience of the entire electric grid fw threats and hazards, in its Recovery ■ 
Transformer Program, the Department of Homeland Seajrity's .Science and Technology Directorate has developed, tested, and ; 
demonstrated a protWype rapidly deployable extra high-voltage transformer that Is transportable by road and can quickly be .. 

: installed within several days of an incident . 

Enhancing Grid Resilience to Geomagnetic Storms, Ensuring that the United States is prepared to respond to and 
recover from sewre space weaffier storms is a priority for the Adipirii^tton. In Movember 2014, the Administratton established 
an interagency Space Weather Operations, Research, and Mitigation Task Force. The Task Force Is developing a National 
Space Weather Strategy with high-level strategic goafs for foreeastmg, evaluating imfracts, and enhancing national 

preparedness (protection, mitigation, response, and recovery) 300s <dTe<ronornic sectors to a severe space weather event. 
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Chapter M: Increasing the Resilience, Reliability, Safety, and Asset Security of TS&D Infrastructure 


.. Administration Initiatives on Electric Grid ResiNence (continued) 

fn acidition, a Space Weather Action Pian, coor^nat«f^3Q^ mwKKeus federat departments and agencies, wili establish ; 

actions, timelines, and milestones for Implementetfon'^ Both the strategy and the action plan will be 

r complete in 2015. in addition to this work, the Pfesldei!t%:l3sG^Ye3r20t6 Budget requests $10 million to.conduct research 
i to better understand the risks that ground-lnduced cwT«ite fem^^wnagnetic storms or electromagnetic pulses could have on 
power transformers. Also, in June 2014, the l^i^ Efi^^^^lattMY Commisaon adopted the new rellability standard - 
(EOP-OtO-1) developed by the North American Etectric Befiabi% CorjMxadcm to mitigate the impacte of geomagnetic 
disturbances that can have potentially severe, widespread efes at dw operations of the U.S. power system. The standard 
specifically addresses implementation of operatir^ plars andi^oe^ures to mitigate effects of geomagnetic disturbances for 
. ; cof^inators arKi transmission operatcw’s.Tlm stwdafd is m re^nss to the Federal Energy Regulatory Commission's 

May 2013 final rule (Order No. 779) In which it dinectedlhe Norto American Eledric Reliability Corporation to develop 
geomagnetic disturbances vulnerabifity standards in two i^es- Sie seawd phase of pending standards will provide more 

disturbance event. 


Resilience, Reliability, Safety, and Asset Security of Natural Gas 
TS&D Infrastructure: Analysis of Vulnerabilities 

The physical or operational vulnerabilities of natural gas TS&D infrastructures to threats vary among 
infrastructure components. Though generally less vulnerable than electric power infrastructure, the natural gas 
TS&D sector contains several components that could be ranked high in terms of their vulnerability to damage 
and failure from a given hazard. These high-ranking components include natural gas transmission pipelines, 
compressor stations (which provide the pressure needed to move gas through pipelines), and distribution 
systems. Disruptions of these components could result in significant infrastructure outages. 

Pipeline and Storage Vulnerabilities 

The vulnerability of natural gas pipelines is dependent on the type of pipeline. Offshore pipelines, from the 
perspective of natural threats, are most vulnerable to damage to platforms and risers from storms; during 
Hurricanes Katrina and Rita, the majority of the offshore pipeline damage occurred at or near platform 
interfaces. Onshore pipelines are vulnerable to landslides and earthquakes. Extreme cold temperatures 
adversely affect natural gas well production and the associated infrastructure; for example, when extreme cold 
in the southwestern United States in early February 2011 curtailed more than 7 billion cubic feet per day of 
natural gas production due to well freeze-offs (see more discussion of this on page 2-25).®’ 

Another area of concern is aboveground pipelines in Alaska, which are becoming increasingly vulnerable 
to climate change and its associated temperature increases. This is contributing to the thawing of the 
permafrost, affecting the foundations of infrastructure, contributing to pipeline displacements, and increasing 
requirements for operations and maintenance." Permafrost thawing could have serious implications for 
Alaska’s energy infrastructure, such as the Trans- Alaska Pipeline System, transmission lines, fuel storage tanks, 
generators, and other large energy infrastructure. It is estimated that permafrost thaw could add between $3.6 
billion and $6.1 billion (10 percent to 20 percent) to current costs of maintaining public infrastructure — such 
as buildings, pipelines, roads, and airports — over the next 20 years.*’ 
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Although pipelines above and below ground represent a highly dispersed element of the energy system that, 
like electric transmission lines, are difficult to protect, the underground portion of pipelines generally are 
difficult for non-professionals to locate; this reduces the possibility of physical attacks. The exception for 
pipeline systems is aboveground compressor stations. In addition, depending on their severity, earthquakes 
could have a major or catastrophic impact on both transmission and distribution pipelines (discussed later in 
this chapter; see Table 2-5). 

There have been cyber incidents on natural gas systems, notably between February and March of 2013.^'* 
During this time period, there were brute force attacks (i.e., efforts to obtain passwords and personal 
identification numbers) on a natural gas compressor station, resulting in a warning from DHS to gas system 
and other critical infrastructure operators. This alert prompted reports of similar activities, broadly from 
gas system operators in the Midwest and the Plains. These attacks, while unsuccessful, continued for over 
2 weeks. Vulnerabilities affecting natural gas resilience and reliability likely will grow given the increasing 
reliance of natural gas infrastructure on electricity and other electricity-dependent infrastructures, such as 
telecommunications. 

In 2012, there were 414 underground natural gas storage sites in the United States.*® Three-hundred-eighty 
of the facilities were primarily used to meet seasonal winter demand; the remaining facilities are high- 
deliverability facilities used to inject and flexibly withdraw large natural gas volumes over short periods. 

In general, natural gas underground storage is minimally susceptible to natural hazards. Underground gas 
storage facilities are well protected from accidents or malicious acts and generally insensitive to natural events, 
such as earthquakes, owing to the depth of underground storage and the design of the systems connecting the 
storage to the surface.** However, the US. natural gas profile could change the economics of gas storage. Shale 
gas production has increased and gas price volatility has decreased; this may diminish economic incentives for 
storage. 

Enhancing Natural Gas Transmission and Distribution Pipeline Safety 

There were approximately 315,000 miles of transmission and gathering pipelines and a transmission capacity 
of approximately 443 billion cubic feet per day in the US. natural gas pipeline network in 2011. They form the 
backbone of the gas transmission infrastructure system and deliver natural gas directly to many high-volume 
customers, such as industrial plants and gas-fired electric generation. In 2013, the United States had 1,437 
distribution systems comprised of more than 2. 1 million miles of distribution lines, delivering gas from high- 
pressure pipelines to more than 68 million residential and 5 million commercial customers.*^ 

Transmission Pipeline Safety 

Operators of transmission pipelines and gathering lines have fewer requirements than distribution lines to 
ensure pipeline integrity and safety through damage prevention programs, routine inspection, leak detection, 
and the development of integrity management plans.** While there are industry standards, for example, for 
instrumentation, safety equipment, and metering, there are no comparable industry standards or industry-led 
systematic research program for external sensor-based leak detection.*’ Such a program and standards would 
be useful. 
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Chapter II: Increasing the Resilience, Reliability, Safety, and Asset Security of TS&D Inftastructure 


, ' .Administration Initiatives on Pipeline Safety 


Transmission pipeline safety. The Obarra/uiministratiao'sOBpartnient of Transportation and the Pipeline and Hazardous '■ 
Materials Safety Administration te responded to Qwwns about traisirtissicm pipeline safety by issuing a "call to aaion" on 
pipeline safety in 2011 . Congress also respondetHoftesaiM C6BcenK% passing the Pipeline Safety, Regulatory Certainty, 
and Job Cieation Actof 2011,* This act diteaedtbeOepsBSneittof Transpottation toreexamine many of its regtiirei ■ • 
including the expansion of integrated management ptosSartiansmteion pipelines.* In addition, mi 
Transportation Safety Board recommended that the Pipetoeand Hazardous Materials Safety Administration require al 
operators of transmission and dismbutron natural gaspiprisjes to egurp theifpipelme monitonng systems with tools to assist n 
in recognizing and pinpointing the location of teate.'lhe P|p#ne aii Hazardous Materials Safely Administration is currently ss 
developing a proposed rule on integrity management feinatural gaspipelines. Also, it continues to conduct and sjp,oort 
research to provide the technical and analytical foundation necessary for planning, evaluating, and implementing its pipeline' 
safety program, in addition, the Federal Encr^ Regulatey Commission has issued a poftcy statement* that will, allow interstate 
natural gas pipelines to recover certain expenditures ma* to modernize fspeline system infrastructure in a trrannei ■ j*. 
enhances system reriability, safety, and regulatory compliance. 

Distribution pipeline safety The Department of Energy, as part of the President’s Strategy to Reduce Methane 
Emissions, convened a senes of roundtable discussions with stakeholders (eg., utilities, environmental groups, state officials, 
and academics) in 2014 focused on reducing methane emissions from gas transmission anddistribution systems. Some 
stakeholders commented that it was both necessary and feasible to make further progress through additional efforts to 
modernize natural gas infrastructure in ways that improve safety and reduce: emissions. For example, replacement programs for 
leak-prone pipelines achieve multiple benefits: they enhance safety, reduce methane emissions, and aeafe Jobs. One barrier to 
public utility commission approval of surcharges for infrastructure modernization is. that consumer advocates typically oppose 
these mechanisms for cost recovery," Some stakeholders noted that infrastructure replacementstould be mote cost effective 
and expeditious when state agencies and municipalities coordinate pipelrne replacement with other .public works projects 

.{1,6., is conjunction with water and telecommunications modernization efforts). At the final stakeholder Foondtable iwetingy 

: the Oepaitaent of Energy announced a series of new initiatives that will help improve pipeline safety. Among them is a new 
paitnership viii#the NetioMl Association of Regulatory Utility Commissionets to provide technical assistance for gasdistribution 
: system modernization and a clearinghouse for related information on effcaive technologies and poticy strategies. 



:T;0epartnietltof Tkanaportarton, Pipeline and Hazardoas Materials Safety AdinimstretiDn.‘‘Pipeltne Replacement Updates: Call 

A Regulatory CCTtainty. and Job. Creation Act of 201 1, Public Law No. U2-90. 125 Stat. 1904 (2012). 

^ National Transportation Safety Board and Department of Transportation, Pipeline and Hazardous MaterialsSafety. , , 
'Administration. “Recommendation P-ll-lO." 2011. http,7/www.phnisa.dot.gov/pv_obi„cacbe/pv_obj,i<L54F297RT8AS47 
2F8CDf632407F40A9AC8A53030(yfilename/NTSB%20Reply%2(Ko%20P-11-8%20thru%20-20.pdf. 
f Federal Energy Regulatory Commission. "Cost Recovery Mechanisms for Modernization of Natural Gas Pacliities.’’ PRDoc. : 
..;20t4^280IS.2Q14;bttp:/Awvw.federatregister.gov2artictes/2014/n/26/2014-2801S/cost-recovery-mecnanisms-for- 
modernization-oferatufal-gas-facilities. , : 

4* Popowsky, S. "Testimony before the House Consumer Adairs Committee of Pennsyivaniar Regarding %,eciai Session House Bill 
40 and House Bai 4i Katurai Gas Issues." November 9, 2007. http:4*wvvw.oca.state.pa.usrtesttmony/2007/00096290.PDF, 

" Department of Transportation; Pipeline and Hazardous Materials Safety Administration. “Pipeline Safety; Safety of Gas 
; Transmission Pipelines - Advanced Notice of Proposed Ruiema&ing (ANPRM)." Docket No. PHMSA-20I I -0025. 76 Ped. Reg; 
5308. August 25, 20i 1 . hltp;/iWww.ptimsa.dot.g^portal/5rte/PHMSA/menuitem.6f23687d?b00b0f22e4c6962d9c8789 
/’vgnextoid=3cl7248c52Idd1310VgnVCMlO00Q0lKb7898RCRD8ivgnextchannel=2dd<M95c4d037110VgnVCM100 
0009ed07898RCRO, 
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Safety and Methane Emissions from Gas Distribution Systems 

Natural gas distribution systems represent roughly 20 percent of all methane leaks from gas systems. 

Emissions from local distribution systems come largely from two sources— leak-prone pipelines and meters 
and regulators at city gates. Together, these two sources represent 70 percent of methane emissions from 
distribution systems. 

Most safety incidents involving natural gas pipelines occur on the natural gas distribution system, as shown 
in Figure 2-5. These incidents tend to occur in densely populated areas. Excavation damage is the leading 
cause of serious incidents along natural gas pipelines; although, significant and preventable contributors also 
include equipment failure, incorrect operation, and pipeline corrosion.’® Incidents are relatively infrequent, but 
increase as systems age. 


Figure 2-5. Total incidents. Injuries, and Fatalities Associated with U.S. Natural Gas Pipelines, 2004-201 3’^ ° 

Occurences (total 2004-2013) 



Distribution Transmission Gathering 


Incidents ■ injuries ■ Fatalities 

The majority of natural gas pipeline-related incidents involve distribution pipelines. The annual number of incidents associated with U.S. natural gas 
pipelines (shown in inset} declined between 2004 and 2013. 


Note that only a small portion of gathering lines are subject to reporting requirements; therefore, the Pipeline and Hazardous 
Materials Safety Administration data likely represent a significant underestimate of incidents on gathering lines. 
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Chapter II: Increasing the Resilience, Reliability, Safety, and A^et Security of TS&D Infrastructure 


Figure 2-6. Methane Emissions from Natural Gas Distribution Systems in Indianapolis and Boston, 201 3”- p-’’ 



After a pipelirte explosion in Indianapolis, Indiana, in the 1980s. the city began a program to replace leak-prone natural gas pipelines, Massachusetts 
has more recently started a replacement program. 

Many companies, states, and localities have taken action to improve safety by accelerating distribution pipeline 
replacement. After a natural gas explosion in the early 1980s, Citizens Energy Group, the local distribution 
company for Indianapolis, initiated an aggressive pipeline replacement program that reduced the proportion 
of pipeline-miles made from cast iron and steel from 16 percent in 1990 to less than 1 percent in 2013.^^‘^‘‘ 
Massachusetts ranks seventh in the Nation for leak-prone iron and steel gas system mains (see Table 2-2). The 
state has taken proactive measures to reduce these risks. In 2009, the Massachusetts Department of Public 
Utilities established a Targeted Infrastructure Recovery Factor to incentivize the accelerated replacement 
of leak-prone natural gas distribution infrastructure and to support “ . . benefits to public safety, service 
reliability, and the environment.”^® The agency subsequently approved a Targeted Infrastructure Recovery 
Factor mechanism for National Grids Boston Gas in 2010.^^ While Boston’s leak rates were higher than 

f The study authors use isotopic analysis to confirm that the methane measured in this study are from fossil sources (i.e., not 
biologically produced). The methodology used to convert measurements of methane concentration into flux estimates is described 
in: Envirorunentai Defense Fund. “Methodology: How the data was collected." vvww.edf.org/ciimate/methanemaps/methodoiogy. 
Accessed February 27, 201 5. 

While fixing and repairing pipeline leaks is critical for increasing public safety, it is important to note that not every leak is dangerous; 
effective safety programs take many factors into consideration. 
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Indianapolis’in 2013 (see Figure 2-6), the proportion of pipeline-miles made from cast iron and steel in Boston 
Gas has reduced from 60 percent in 2008 to 51 percent in 2013.^ To further expedite pipeline replacement, 
Massachusetts recently enacted a law requiring utility dassification and prioritization of pipeline leaks for 
replacement or repair/''* 

The most leak-prone distribution pipeline materials are cast iron and bare steel, accounting for 
approximately 9 percent of distribution pipes in the United States^ and resulting in roughly 30 percent 
of methane emissions from natural gas distribution systems.®’ All regions of the country have some leak- 
prone distribution pipeline networks. Table 2-2 presents the top 10 states with the most miles of leak-prone 
distribution mains.' The magnitude of investment needed to replace all leak-prone distribution mains 
nationwide is more than $270 billion.* 


Table 2-2. 10 States with the Most Miles of Leak-Prone Distribution Malns^' 


Rank 

State 

Leak Prone Iron 
Mains (mi) 

Leak Prone Steel 
Mains (mi) 

Total Leak Prone 
Mains (mi) 

Total Leak Prone Mains (% of 
pipes in state) 

1 

PA 

3,300 

8,600 

11,900 

25% 

2 

NY 

4,200 

7,500 

11,700 

25% 

3 

OH 

570 

9,500 

10,070 

18% 

4 

CA 

29 

8,200 

8,229 

8% 

5 

NJ 

4,900 

2,200 

7,100 

21% 

6 

MA 

3,600 

2,600 

6,200 

30% 

7 

TX 

820 

5,000 

5,820 

6% 

8 

Ml 

3,000 

2,300 

5,300 

9% 

9 

WV 

13 

3,000 

3,013 

29% 

10 

AL 

1,200 

820 

2.020 

7% 


Of the 1 0 states with the most mites of leak-prone natural gas mains, nine have infrastructure modernization acceleration initiatives. 


Despite progress in many states to help the replacement of leak-prone pipes in distribution networks,®* some 
have limitations; many place caps on the magnitude of investments eligible for cost recovery and/or on the size 
of rate increases. Even with such special cost-recovery mechanisms,** at least one dozen utilities will require 
two decades or more to replace their leak-prone pipeline. Table 2-3 shows replacement time frames for select 
distribution systems. 


Distribution mains are pipelines that serve as a common source of supply for more than one service line. Source: 49 CFR § 192.3. In; 
Department of Transportation, Pipeline and Hazardous Materials Safety Administration. "Glossary.” www.phmsa.dot.gov/staticfiles/ 
PH MS/VPipeline/rQGiossary/Giossary,html#main. Accessed March 9, 2015. Generally, these are gas pipelines running underground 
along streets, connecting to service lines that run to individual buildings. 

The American Gas Association reports that the total cost of replacing all cast iron pipe in the United States is $82,682,696,844 in 
2011 dollars. According to Pipeline and Hazardous Materials Safety Administration data, cast iron pipes represent approximately 
30 percent of the total leak-prone pipe in the United States. Assuming other pipe replacement has similar costs, the total cost for 
replacement of all leak-prone pipe is roughly $270 billion. Source: American Gas Association, “Managing the Reduction of the 
Nation’s Cast Iron Inventory.” 2013.www.aga.org/managing-reduclion-nation%E2%80%995-cast-iron-inventory. Accessed 
January 16,2015. 
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Chapter II: Increasing the Resilience, Reliability, Safety, and Asset Security ofTS&D Infrastructure 


Table 2-3. Expected Replacement Horizons for Select Utilities for Leak-Prone Mains^ 


Utility Company 

Service Territory 

State 

Forecasted Timeframe (yeais) 

Philadelphia Gas Works 

Philadelphia, PA 

PA 


ConEd 

New York, NY 

NY 


PECO 

Greater Philadelphia, PA 

PA 


PSESG 

Newark, NJ 

NJ 


30 

Pensacola Energy 

Pensacola, FL 

FL 


30 

Baltimore Gas Company 

Baltimore, MD 

MD 


30 

UGI 

Rural Pennsylvania 

PA 


Consumers Energy 

Detroit, Ml 

Ml 


DTE 

Detroit, Ml 

Ml 


National Grid 

New York, NY 

NY 

iHmi 

Dominion Hope Gas Co. 

Ohio 

OH 

IHH 

Yankee Gas Services Company 

Rural Connecticut 

CT 


Peoples Gas 

Chicago, IL 

IL 


National Grid • Niagra Mohawk 

Rhode Island 

R! 


Peoples TWP 

Southwestern Pennsylvania 

PA 


Peoples Natural Gas Co. 

Southwestern Pennsylvania 

PA 


National Grid - Niagra Mohawk 

Syracuse, NY 

NY 

■n 

16 

Columbia Gas of Pennsylvania 

Southwestern Pennsylvania 

PA 


15 

Northern Utilities 

Maine 

ME 

■ 

13 

CenterPoint 

Arkansas 

AR 

■ 

12 


Projected pipeline replacement rates (from a select group of utilities) vary cortsiderably and can range from about one decade to more than 80 years. 
Key factors affecting projected time frames include remaining miles of pipeline made of leak-prone materials (e.g., cast iron and unprotected steel) 
and the scale of existing replacement programs. 


Another leading source of leaks is from meters and regulators at “city gate” station facilities that connect 
long-distance interstate transmission pipelines to local distribution networks. These account for 40 percent 
of methane emissions from natural gas distribution systems.” A recent study found that in cases where 
companies had invested in upgrades, emissions from city gate stations in 20 1 3 declined to a fraction of 
emission levels measured at the same stations in 1992. Conversely, the one station that had not invested in 
upgrades over this 20-year period saw a 40-percent increase in estimated emission levels, illustrating the 
environmental benefits of such investments.” The Environmental Protection Agency's Natural Gas STAR 
program encourages voluntary actions to address these losses through directed inspection and maintenance 
programs that include leak detection and repair measures. Installing state-of-the-art measurement 
technologies could assist in leak management. In addition, it is estimated"' that quarterly leak detection and 
repair, which requires little capital investment and could be scaled up quickly, could reduce emissions from city 
gate stations by 60 percent. 
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Natural Gas Infrastructure Dependencies 

As noted, the electricity sector is increasingly reliant on natural gas as a fuel for power generation. On the flip 
side, many physical and operational components of natural gas TS&D infrastructures depend on electricity for 
key functions. In addition, other key sectors, such as industry and natural gas vehicles, depend on reliable and 
robust natural gas TSScD systems for a range of applications. 

Gas System Dependencies on Electricity 

Most pumps and compressors along natural gas gathering and transmission pipelines are fueled with gas flowing 
through the station,*® with only about 5 percent of installed compression horsepower on interstate pipelines 
nationwide requiring electricity to run.®®'^ In some areas of the Nation where there are concerns about emissions 
and the increased speed of permitting of electric conq>ressors, there is significantly greater reliance on electric 
compressors.’*’®^ Pennsylvania, Ohio, and California, for example, have a higher percentage of compressors powered 
by electricity than the national average.’® On the flip side, increased reliance on electricity-powered compressors 
could increase the vulnerability of the gas transmission system to power outages. During the 201 1 “Big Chill” in the 
Southwest (see box), for example, rolling blackouts contributed to natural gas production outages (primarily affecting 
compressors on gathering lines), which in turn led to power generation curtailments.®^ 

While compression facilities for underground natural gas storage generally are fueled by offtake gas, they 
may still require electric power.’® Electricity is needed for dehydration of underground stored gas. Pipeline- 
quality natural gas is pumped into underground formations for storage; when the gas is withdrawn, it requires 
processing to remove water from the natural gas and to filter the gas all over again. 

Also, most of the Nations liquefied natural gas facilities store this gas for periods of peak demand or pipeline gas supply 
interruption. Cryogenic liquefaction of natural gas allows large volumes of gas to be stored and transported over long 
distances that cannot be technically or economically served by pipelines, and this process requires large amounts of 
electricity. These facilities are distributed across the Nation and generally are found near electric power stations." 

Centralized gas control stations monitor the flow of natural gas and collect, assimilate, and manage data received from 
compressor stations all along the pipeline. These control systems can integrate gas flow and measurement data with 
other accounting, billing, and contract systems. The data are transmitted through a communications network that 
could consist of company-owned, fiber-optic lines: leased telephone lines; ground- or satellite-based microwave; or 
radio communication systems.” The total loss of communications could result in manual operations of the affected 
pipeline. Many systems in the oil, gas, and alternative fuels infrastructures are increasingly monitored and controlled 
remotely through cyber networks that are also powered by electricity.’® 

Dependencies of Other Sectors on Natural Gas TS&D Systems 

Dependencies of other infrastructures on the natural gas TSScD sector include the following: 

• Supply of natural gas liquids for petroleum refining. Growth in production of natural gas liquids 
has stimulated renewed interest in petrochemicals production where ethane and propane are 
key feedstocks (see Chapter V, Improving Shared Transport Infrastructures, for a more detailed 
discussion). 

• Natural gas as a transportation fuel. Compressed natural gas vehicles also rely on natural gas. Although 
there are only about 120,000 compressed natural gas vehicles in the United States today, the Energy 
Information Administration forecasts increases in natural gas vehicles over the next decades, especially 
in heavy-duty vehicles.” 

• Industrial consumption of natural gas. Given low natural gas prices over the past several years and 
forecasts of abundant supplies at moderate prices in the future, there has been a resurgence of natural 
gas use in industrial applications in the United States, as seen in Table 2-4. 
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Chapter tl: Increasing the Resilience, Reliability, Safety, and Asset Security of TS&D Infrastructure 


Table 2-4. Projected Incremental Natural Gas Demand for Select U.5. industrial Sector Projects, 201 5-2020’*” 


Planned 

Operations 

Date 

Chemical 

Metals 

Petroleum 

Other Industrial 

Total Demand 

Vear 

MMcf/d 

iPrqKB 

MMrf/d 


MMcfAt 


' MMcf/d ' 

#ftqecis 


, # Project ; 

2015 

246 

57 

118 

54 

355 

21 

24 

179 

743 

311 

2016 

317 

13 

62 

5 

488 

10 

58 

27 

926 

55 

2017 

261 

5 

79 

3 

325 

3 

2 

8 

668 

19 

2018 

265 

5 

1 

1 

747 

5 

0 

4 

1,010 

15 

2019 

- 


. 

. 

1,350 

4 



1,350 

4 

2020 

Project 
dates not 
announced* 

179 

6 

2 

3 

872 

5 


- 

1,050 

14 

Total 

1,090 

80 

261 

64 

3,260 

43 

86 

218 

4,700 

405 


* Not announced at time of this analysis, 6/2014 

Natural gas supply is projected to stimulate additional industrial construction and demand growth. 

Natural Gas - Electricity Interdependencies 

Nationally, natural-gas-fired power generation has increased by more than 40 percent since 2005, and carbon 
dioxide regulations may increase its use even further.'®' The increasing absolute demand for natural gas in the 
power sector has heightened the interdependence between gas and electric systems. In addition, fast-ramping 
requirements of natural-gas-fired generation, especially in response to the need to firm renewable generation, 
has increased the need for scheduling coordination between the gas and electricity sectors. 

Gas Pipeline Transmission Capacity and Power Generation 

An important question regarding natural gas transmission infrastructure is whether the existing gas transmission 
infrastructure can reliably accommodate increased use of natural gas in electric power generation, resulting from 
significant shifts in fuel utilization in the power sector. A recent DOE study for this QER on the adequacy of the 
national natural gas transmission system (there may be regional differences and needs, as discussed in the next 
section) to accommodate increased demand for natural gas‘*“ concluded the following: 

• Higher utilization and repurposing of existing interstate natural gas pipeline infrastructure will reduce 
the need for new transmission pipelines. Pipeline flow patterns have already evolved with changes in 
supply and demand. Given the cost of building new pipelines, finding alternatives that utilize available 
existing pipeline capacity, such as adding compression to existing pipelines or reversing flow, is often 
less costly than building new pipeline capacity. 
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The changing geography of natural gas supply, where diverse sources are now found closer to demand 
centers, is reducing the need for additional long-distance interstate natural gas pipeline infrastructure. 
There will be a need for expanded natural gas pipeline capacity as a result of new and expanded 
production of natural gas from shale formations and growth in natural gas demand, but it is lower 
than would be expected if the increased production were concentrated in traditional gas-producing 
regions. 

Incremental interstate natural gas pipeline infrastructure needs, even in a future that includes a 
national carbon policy, are projected to be modest. While a future carbon policy may significantly 
increase natural gas demand from the electric power sector, the projected incremental increase in 
natural gas pipeline capacity additions is modest relative to the reference case used in the analysis, 
which is based on projections from the 2014 Annual Energy Outlook. The rate of pipeline capacity 
expansion in the scenarios considered hy the analysis is lower than the rate of natural gas pipeline 
capacity expansion that hs historically taken place. 


The Big Chill: A Disruptive Event Made Worse by infrastructure Interdependencies' 


The "Big Chill" of 20 1 1 illustrates the complicated relationship between naturalgas and electric power, which had 
compounding effects during a period of extreme weather. 

During the first week of February 2011, the U.5. Southwest was hifiby an ardit cold front that was unusually severe in terras . i 
of Its low temperatures, gusting winds, geographic extent, and duration. From January 3Ttb February 4, temperatures in Texas;:: 
NewMexico, and Arijona were the coldest experienced within the region since 1971. Dubbed the 'Big Chill" m the merSa, 
it overwhelmed the routine preparations for cold weather that had been put in place by dectric generators and natural gas j: : 
utilities located In those states. 

Within the Electric .Reliability Council of Texas SERCOT) Interconnection, starting in the earbr morning hours of. februatyij the 
cold temperatures and wind chih caused a significant number of outages at generating plants, with approximately OM-thlrtf: . V 
Of the iotaf EfiCiif gehetatiRg fleet unavailable at the lowest point Of the event. With eicctrici^ deraandsoarihg becaBsagf^t: ; 
the cold yveather, ERCOT and some utilities in New Mexico instituted roINng blackouts to prevent collapse of titeir :elearit 
^sterns. For tile Southwest as a whole, 67 percent of electric generator failures (by megawatt-hour) were due:dif0aly Jo : 
wealhehreiated causes, Wuding frozen sensing lines, frozen equipment, frozen water lines, frozen valves, blade icing, and 
j§yaiihpatatUra;cuto|, limits on equipment .. JiipiiBlS: ' ''PSsis::®;:;' 

Qaa producers and pipelines were also affeaed in Texas, New Mexico) and Arizona. Natural gas production was dimtaished iis.; 
due to freeze-offs and tfie inability to reach gas wells (due to icy roads) to remove produced water and thereby keep them 
iri dperttion. When foiling electricity blackouts hit gas producers and gas pipelines, it had the effect of causing wrtiier tosses, vss 
to natoai gas supply.'IhelRCbl biackouts or customer curtailments caused or contributed to 29 percent of natufal .gas 

Permian Basin and 27 percent of the production outages in the fort Worth Basin, principally aia^; : :; 
result of shutting down! electric pumping units or compressors on gathering lines. As a result of all these factors, hatutal gas , 
deliveries were affected throughout Texas and New Mexico. More than 30,000 customers experienced natural gas outages aTV 
some poW during this period. , „ , 

The inajority of the probterhs experienced by the many generators that tripped, had their power output reduced, or failed to 
start during the event were attributable, either directly or Indirectly, to the cold weather itself. However, at least another 12 : : : : 
percent of these problems wee attributed afteiward to the interdependencies between gas and electricity infrastmetures (such 
as lost elearictty generation due to natural gas curtailments to gas-fired generators and difficulties in fuelsvyitching).:- - 

h Peder^ fioErgy kvgulatorycjofmnission aod North American Electric Reiiabffity Corporation. "Reporton Outages and 
Curtatimenw During the Soathwes Cold Weather Event of Bebimhiy 1-5, ZOtl: Causes and kecomtnehdations."Au^st 2011;:: 

'I http;//wwiMfefc:gov^egatrstaff-repprtsr08-16-il-report,^f;Acccs5edFebruiiry2,20l5. ^ Tj 
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Chapter I!: Increasing the Resilience, Reliability, Safety, and Asset Security ofTS&D infrastrucbjre 


Natural Gas Infrastructure Constraints in the Northeast 

The Northeast represents a region of the country where natural gas transmission constraints have caused price 
differentials to rise during periods of peak demand.*®^ While, in the past few years, construction of natural gas 
pipelines in other parts of the country have caused natural gas price diiferentials to decrease in those regions, 
the Northeast has seen its price differentials increase (see Figure 2-7). Much of the northeastern Atlantic 
region (New England, New York, and— to some extent— the Mid- Atlantic States) continues to see natural gas 
supply constraints due to gas transmission capacity limits, especially during cold winter periods. However, 
the actions undertaken by the Independent System Operators, Regional Transmission Organizations, and 
market participants, such as P|M s Cold Weather Preparation Guidelines and the continuation of Independent 
System Operator New England’s Winter Reliability Program for a second winter, have improved operational 
performance and moderated prices.*®^ 

Figure 2-7. Natural Gas Price Differentials between Henry Hub and Key Trading Points’*® ** 


Henry Hub Price Differential {$/MMBtu) 
4 



—■Boston - • — Chicago Wyoming —New York -^Houston Northern California 

— Pittsburgh West Texas -—Southern California 

Basis differentials reflea regional gas infrastructure constraints and the price sigrwl that spurs infrastruaure investment. These constramts persist in 
New England and New York. 

The Northeast region is located at the end of major pipeline routes from traditional natural gas producing 
areas. Its supplies of natural gas have tended to be constrained during winter peak periods, allowing prices to 
rise much higher in this region than in the rest of the country in recent years.'®® For example, natural gas prices 


The 2014 increase in Chicago city gate prices relative to Henry Hub is attributable to cold winter weather and deep drawdowns of gas 
in storage, rather than systemic infrastructure constraints, and is less likely to persist. 
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rose to greater than $34 per million British thermal unit during cold snaps in the winter of 2012-2013 and 
increased to more than $73 per million British thermal unit during the southward shifts in the polar vortex 
in the winter of 2013-2014.^°^ These capacity constraints are being exacerbated by a large increase in the use 
of natural gas in the electric power sector in New England. Despite large volumes of new unconventional 
gas resources available from the Marcellus Shale in nearby Pennsylvania, pipeline constraints have not 
allowed sufficient supplies of this gas to reach New England, resulting in upward pressure on prices at gas 
delivery points in the region/ The New York metropolitan area, by contrast, has alleviated some of the winter 
congestion it had faced by adding new pipeline capacity. 

The underlying issues affecting natural gas prices and reliability in New England are caused by several complex 
factors. One area of concern has been the role of capacity markets in the challenges associated with assuring 
access to adequate fuel supplies. Independent System Operator New England has taken a number of steps to 
address this issue, including implementing changes to its capacity markets to enhance generator performance 
and adopting winter reliability measures designed to address this concern.’®*' Another issue has been public 
acceptance of new pipelines, especially in New England, which presents a substantial challenge to natural gas 
pipeline development.*’® Several pending pipeline projects would alle'viate infrastructure constraints into New 
England. In addition to the capacity market changes by Independent System Operator New England described 
above, the New England governors are formulating proposals to pay for new natural gas pipeline and electric 
transmission capacity and services. 

Resilience, Reliability, and Asset Security of Liquid Fuels TS&D 
Infrastructure: Analysis of Vulnerabilities 

The U.S. liquid fuels system is diverse, robust, and resilient. In 2014, it produced an average of 8.7 million 
barrels per day (million bbl/d) of crude oil and 3.0 million bbl/d of natural gas liquids, as well as imported 
an average of 7.3 million bbl/d of crude oil.'*”’ In 2014, this system refined an average of 15.8 million bbl/d 
of crude oil into products in 142 operable refineries. While refining is concentrated on the Gulf Coast, the 
remainder is well-distributed between the East and West Coasts and the Upper Midwest and supplemented 
by product imports that enter through both coasts and from Canada. Its TS&D infrastructure consists of both 
dedicated pipelines and facilities and infrastructures shared with other major commodities. 

Liquid Fuel Vulnerabilities Vary by Region 

Despite the robustness of the system, the Nation’s liquid fuel infrastructure has vulnerabilities. These 
vulnerabilities are determined by the types of natural disasters that occur in a region, as well as by the types 
of infrastructure within the region. Regions have supply vulnerabilities if they are dependent on fuel supplies 
from outside the region. This section describes the relationship between the functions of the liquid fuel 
infrastructure in a given region and the geographically based vulnerabilities that it faces for regions defined by 
Petroleum Administration for Defense District (PADD) groupings, a subdivision of the petroleum sector that 
is commonly used by the Energy Information Administration and other energy analysts.”^ The following are 
profiles of liquid fuel systems and vulnerabilities by PADD.’” 


* For a more detailed discussion of infrastructure constraints in the New England area, see the documents relating to the April 21, 2014, 
Quadrennial Energy Review Stakeholder Meeting, “New England Regional Infrastructure Constraints:" energy.gov/epsa/downioads/ 
qer-public-meeting-providence-ri-hartford-ct-new-england-regional-infrastructure. 

Data are based on cumulative daily averages through December 26. 
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Atlantic Coast-North (PADD I, Subdistrict A): 
This region (the Atlantic Coast north of New York) 
has no crude oil production or refining capacity 
and is not served by large pipelines from the Gulf 
Coast. The region predominantly receives its 
supply of liquid fuels by waterborne transport. It is 
consequently susceptible to weather disruptions of 
ports. Infrastructure in this region is also susceptible 
to extreme cold. 



Atlantic Coast-Central (PADD I, Subdistrict B): 
This region has only a small amoimt of capacity 
for producing or refining crude oil, relative to its 
consumption. It is heavily dependent on receiving 
water shipment of crude oil and refined products at 
coastal ports and on pipeline shipments of refined 
products from the Gulf Coast on the Colonial and 
Plantation pipeline systems. It has a relatively high 
level of storage for refined products. Liquid fuels 
shipments are susceptible to weather disruption of 
ports, flooding of coastal refineries and terminals, 
and disruptions to flows on Colonial and Plantation 
pipelines. During the past century, land subsidence 
has contributed to rising relative sea levels along the 
Mid-Atlantic Coast as high as 5.0-10.0 millimeters 
per year (mm/yr), which is more than twice the 
global average (1.7 mm/yr), 



Atlantic Coast-South (PADD I, Subdistrict C): 
The southern part of this region (Florida and the 
coastal regions of Georgia, South Carolina, and 
North Carolina) has very little crude production 
or refining capacity and is not served by the large 
pipelines from the Gulf Coast. All coastal areas are 
supplied by waterborne deliveries, and Florida is 
heavily dependent on receiving water shipments of 
refined products. The interior portions of Georgia, 
South Carolina, North Carolina, and Virginia 
are dependent on pipeline shipment of refined 
products from the Colonial and Plantation pipeline 
systems. The region is susceptible to weather 
disruptions of receiving ports, pipeline shipments, 
as well as events that disrupt loading and 
departures of baizes from the Gulf Coast. Over the 
past century, sea levels have increased by as much 
as 3-6 mm/yr in the Atlantic Coast-South region. 
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Great Lakes/Midwest Region (Part of PADD II): 
Refineries in this region have historically relied on 
crude oil shipped via pipeline from the Gulf Coast. 
Now almost all oil moved to refineries in the region 
comes from more recently developed supplies of 
Midcontinent and Canadian crude oil. TTiis shift has 
diminished the need for pipelines to deliver crude 
oil from the Gulf of Mexico to the region, and many 
have been reversed to move additional Midcontinent 
and Canadian oil supplies south to the Gulf Coast 
(PADD III) refining complex. Weather events are 
less likely to affect multiple refineries in the Midwest 
compared to, for example, the refineries concentrated 
along the Gulf of Mexico. An earthquake in the 
New Madrid Seismic Zone could disrupt product 
deliveries, but it would be less likely now to disrupt 
crude oil supplies into the region than 5 years ago. 
Extreme cold can hinder refining and distribution. 

WUliston Basin (Part of PADD II): Recent 
development of technology to produce oil from shale 
formations (in this case, the Bakken formation) has 
made the Williston Basin an important producing 
area. The area is not highly susceptible to natural 
disasters, but is susceptible to extreme cold. The East 
and West Coasts and the Gulf Coast rely on this 
region for rail transport to bring its crude to their 
refineries. 



Oklahoma/Kansas (Part of PADD II); This region 
is a relatively large producer of crude oil and, more 
importantly, a national hub for trading, storing, and 
transporting crude oil. One of the largest oil storage 
and pipeline junction centers in the world is located 
near Cushing, Oklahoma. Tornados likely are the 
highest-impact hazard that could strike this area. 
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Gulf Coast (PADD III): This region is a major 
center for onshore and offshore production, refining, 
and loading and unloading of water shipments of 
crude oil and refined products. Fifty-two percent of 
the Nations operable refinery capacity is in PADD 
ni. It is susceptible to tropical storms and hurricanes, 
flooding, and sea-level rise. During the past century, 
land subsidence in the Gulf Coast region has caused 
relative sea levels to rise by 5-10 mm/year, which is 
more than the twice the global average. The highest 
rates of land subsidence within the Gulf Coast region 
are estimated to be in the vicinity of the Mississippi 
River Delta,"* 

Northern Rocky Mountain Region (PADD IV): 

This region consumes fuels from refineries in the 
Salt Lake and Denver areas that mainly process 
crude oil produced from within the region. The main 
hazards are earthquakes and perhaps tornados. It is 
susceptible to extreme cold. Pipelines networks are 
less dense in the less populated regions of PADD IV. 
This leads to cities that are far from refining centers 
often being served by long dedicated pipelines. These 
cities are more dependent on the operation of single 
pipelines than typically is the case in regions of the 
country with higher-density populations. An example 
in PADD IV is Boise, Idaho, which is dependent on a 
single pipeline from Salt Lake City. 

West Coast Region (PADD V): Although this region 
still produces much of the crude oil processed in 
its refineries, it increasingly depends on receiving 
shipments by water from other regions and from 
ports within PADD V, including Alaska. PADD V is 
not well-connected to other PADDs by pipeline, but 
it does receive an increasing amount of its oil by rail. 
The level of imports to PADD V is stable. This region 
is susceptible to earthquakes and wildfires. Cities 
that are on the downstream edge of supply from 
West Coast refineries and depend on long dedicated 
pipelines include Phoenix, Arizona; Las Vegas, 
Nevada; and Reno, Nevada. During the past century, 
sea levels along the West Coast have generally risen 
at or below the global average rate.'" 
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Vulnerability of Fuel Supply Disruptions from Gulf Coast Hurricanes 

As noted, the Gulf Coast region is home to more than 50 percent of the Nations refining capacity. Damage to 
liquid fuels infrastructure in this region can lead to significant impacts on much of the rest of the country, as 
the Gulf supplies oil products to the Northeast, Midwest, Mid-Atlantic, and South Atlantic regions.'*® Many 
U.S. regions are vulnerable to severe weather in the Gulf of Mexico or other threats to infrastructure in the 
Gulf of Mexico or on the Gulf Coast. Land subsidence also is a widespread issue throughout the Gulf Coast 
(and Mid- Atlantic coastal areas). During the past century, global sea-level rise has averaged about 1.7 mm/ 
yr, though the rate in the Gulf has been faster (at 5-10 mm/yr,in part due to subsidence)."^ Between now and 
2030, the average global sea-level rise could accelerate to as much as 18 mm/yr in worst-case scenarios.'-® 

Gulf Coast refineries in the path of a major hurricane typically shut down in advance of a storm and restart after 
the storm has passed. While an undamaged refinery is likely to return to operation within 1 week of hurricane 
landfall, a severely damaged refinery might take several months to recover. Hurricanes Katrina and Rita provide 
examples of such impacts. The combined consequences of these two hurricanes in 2005 caused refinery outages 
of more than 4.5 million bbl/d. More than 20 refineries were shut down on the worst day, representing a loss of 
67 percent of the Gulf s capacity and 28 percent of national refinery capacity. While the refineries recovered, the 
outage was still 2 million bbl/d 3 weeks after Ritas landfall and remained at I million bbl/d for over 2 months. 

This caused a sharp, temporary increase in regional and national gasoline and diesel fuel prices.'^' 

In response to these hurricanes, 30.0 million bbl of crude oil from the Strategic Petroleum Reserve (SPR) were 
offered to the market and 20.8 million bbl were ultimately sold; it took 20 days for the first oil to move. While 
the International Energy Agency, in a coordinated effort, released petroleum product stocks to assist with the 
U.S. supply disruption, these supplies were not easily distributed to the Southeast region; truck deliveries to the 
Southeast region were made hundreds of miles from ports on the Atlantic Coast. 

Similar petroleum product outages occurred in 2008 as a result of Hurricanes Gustav and Ike, leading to 
significant increases in motor fuel prices in all regions of the United States. In these instances, no SPR 
emergency release or International Energy Agency coordination action was taken.'^ In 2012, Hurricane Sandy 
caused numerous fuel supply and distribution problems in New York and New Jersey, involving refineries, 
marine terminals, petroleum product terminals, and retail service stations. As with the 2005 and 2008 
hurricanes, an SPR crude oil release would have provided little remedy to the fuel supply problems. Also, all 
four U.S. facilities are located in the Gulf Coast region and may be exposed to hurricane damage, including 
inundation caused by storm surge.*” In September 2008, for example, the Big Hill and West Hackberry sites 
sustained significant damage caused by Hurricane Ike.'” 

Industry has taken actions to harden Gulf Coast infrastructures after hurricanes in 2005 and 2008. 

Aboveground product storage tanks represent a particular vulnerability in hurricanes as they can float off their 
foundations and spill product, creating environmental and supply concerns. At least four companies surveyed by 
DOE in 2010*” indicated that they had "taken steps to ensure a minimum volume of product is in their storage 
tanks before a storm arrives.” The refinery and pipeline operators interviewed for this study all confirmed that 
they maintain confidential hurricane preparedness plans. State public utility commissions also have responded 
in a variety of ways, initiating studies of and rulemakings for storm hardening. On the power side, the actions 
of Entergy during Hurricane Gustav in 2008 provide an example of the efforts by utilities to maintain service 
to customers. Entergy’s use of grid sensors enabled it to identify and warn of islanding conditions’" in order 
to manage their impacts on its systems in four states. Entergy’s success during Gustav provides a replicable 
example for the effective use of technologies to manage storm impacts.**^ 

* Some SPR sites sustained significant damage. While the SPR was able to conduct a test exchange of 5.4 million bbl of crude in 
response to requests for supplies from several refiners, it took weeks to restore SPR sites to their pre-storm levels of mission capability. 
^ Islanding is an unsafe situation for utility workers, where a distributed generator, when not appropriately monitored or understood, 
continues to provide power when electricity from the utility is cut off. 
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Vulnerabilities to Non-Weather-Related Refined Product Disruptions 

In addition to storms on the East and Gulf Coasts, other natural disasters can cause interruptions of petroleum 
products. While the U.S. West Coast is not as vulnerable to hurricanes, a severe earthquake in the Los Angeles 
Basin or San Francisco region would cause significant disruptions of fuel supplies. For example. Table 2-5 and 
Figure 2-8 show (1) the potential impacts of severe earthquakes on a variety of energy infrastructures, and (2) 
regions that are prone to damaging earthquakes. The greatest infrastructure risks occur when the probability of 
damage and severity of damage are high, the risk of the event is high, and the infrastructure involved is critical. 
Western pipelines and refineries are both at risk in major earthquakes. 


Table 2-5. Probability and Severity of Earthquake Damage to TS&D Infrastructure’^^ 
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Magnitude >5 
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Filling Stations 

Low 
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SPR/NEHHOR 

low 

Insignificant, 

Low 


Insignificant. 


For two magnitudes of earthquake intensity, the severity of probable damage was rated qualitatively using a five-point scale (i.e., insignificant, 
interrupting, significant, major, and catastrophic) and probability also on a 5-point scale {i.e., low, low-medium, medium, medium-high, and high). 
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Figure 2-8. Earthquake Vulnerabiiity Hazard Regtom Sevens indices for Earthquakes^ 


^ard 


Analyzing the impacts of earthquake on TSSD infrastructure involved a review of the probability of damage and severity of damage on infrastructure 
components (Table 2*5) and the probability of an event occurring in a region. Comparing this to the types and amounts of energy infrastructure in 
the region (e.g., limited liquid fuels pipelines in the Rocky Mountain region) identified regional TS&D infrastructure vuinerabitites. 


Responding to Liquid Fuels Disruptions 

There is a range of actions that could be taken to address the vulnerabilities outlined in the previous section. 
One is to develop strategic and regional stockpiles of oil and refined petroleum products to help respond to 
shortfalls caused by breakdowns in the liquid fuel infrastructure, regardless of cause. Another is additional 
hardening. Hardening can consist of flood protection (e.g., berms, eves, and floodwalls), self-sufficient electric 
power (e.g., a generator sited at a facility that is configured to operate in a safe “island mode” disconnected 
from the local electricity grid to supply that facility with electricity during a local grid blackout”), and other 
measures. A combination of these actions may provide the most cost-effective approach to avoid the loss of 
fuel supplies after a natural disaster, recognizing that government and industry (refiners, pipeline companies, 
utilities, power providers, the Army Corps of Engineers, and DOE) have different roles in implementing 
different measures. 


^ For a range of intensities of the event (e.g,, earthquakes with a magnitude less than 5). the likely damage was rated on a qualitative 1-5 
score (i.e., minor, interrupting, significant, major, and catastrophic). These ratings were based on the extensive review of impacts from 
past events and judgment of industry experts. 

“Island" facilities are used at facilities such as hospitals, office buildings, and sometimes individual’s homes; they can operate 
independently from the grid to provide electricity during a p>ower outage. 
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Administration Activities for Liquid Fuels Resilience, Reliability, Safety, 
and Asset Security 



Operations of Regional Oil Product Reserves. The President's Fiscal Year 201 6 Budget requests $7.6 million :o continue 
: operattofi of the Northeast Home Heating Oi( Reserve. Gasoline Supply Reserve will oontinue to be funded out 

of prior-year balances. - ^ 

Southeast Refined Product Reserve Cost-Benefit Analysis, in 2011, the Department of Energy (DOE) earned out a 
cost-benefit study of the establishment of a Southe^t ReRnedPfO^ct Reserve. This stiKjy. estimated diat such a Refined 
Petfoieum Product Reserve would reduce the average gasofineprKe rise by 50 percent to 70 percent in the weeks immediately . 
after a hurricane landfall, resulting in consume cc«t is updatirq this study to reflect re«nt economic research f ; 

and to ^mine whether currently awailabte ana^ses teftiery hardefing and efimate change alter the s&idy's estimates of 
the likelihood of Gulf Coast refinery outages. 

West Coast Regional Refined Product Reserve Cost-Benefit Analysis. DOE has launched a Refined Petroleum 
Product Reserve study for Petroleum Administration for Defense Ol^rict (PADO) V (the West Cr^st, Alaska, and Hawaii), ft will 
review current and projectwl oil and refined product demand in southern CaMomia, northern CaliforniayAriajna, f^evada^ : , , 
Washington, Oregon. Hawaii, and Alaska. It also will describe storage c^adtles; how and.where. stocks are stored; and 
how refined products moveftom refinery, to storage; to end-use markets. The study will evaluate the physical and market ^ ^ ^ 
vulnerabifihes that could cause a supphf disruption or shortage to PADOV markets and estimate the probabi{% of the ... 
i occurrence of natural events at various locations within PADD V.The potendal Impacts on cn^e oil and petroleum product ^^^^ ^^- - 
or duration will be estimated. The physical vulnerabflitles to be considered will include; : ? 
eardiquakfis, tsunamis, and storms. Ref^ed Petroleum Product Reserve configtirations that could provide a relahyely efie^lve: 
supply reilet In light of the estimated liteiihood of fuel supi^y interruptions, will be evaluated uang a cost^ben efit , : : ■ 

^ methodology similar to that used in DOE's 201 1 study, but will be updated to reflect recent econornic rese^di, especially 
concerning the impact of sudden increases of petroleum produa prices on the tk$. economy. 
livgf Bitter Frepare^ess Study. The National Petroleum touncil, in response te a request from the Secretary of ftiwgy, • ; ■ ^ w 
: ; a : : i ' ;re<»ritiy Study. This study wifi help industry and goverr^ment achieye'a mqreiBp^d ^ 

after a natural dlsaster^t 

of Fossil Energy and Ofl^e of I^slkry and International Aff^R,^efined 
Needs, Costs and Benefits" September 

i? ^ Petrolenra Product R^rye: Assessment of Energy Security Needs, C^dste* and 

The United States has created two regional petroleum product reserves (RPPRs) during the last 15 years — the 
Northeast Home Heating Oil Reserve (NEHHOR) and the Northeast Gasoline Supply Reserve. NEHHOR is a 
l-million-barrel reserve of ultra-low sulfur diesel, stored at terminals in Connecticut and Massachusetts. It is 
intended to provide a buffer to compensate for interruptions in heating oil supplies during severe winter weather. 
NEHHOR has a trigger mechanism established by the Enei^y Act of 2000 that requires a 60 percent price 
differential over the 5-year average price of heating oil, that the differential be sustained for 7 days, and that it 
continues to increase thereafter. A second authority for a release from NEHHOR is available to the President for 
a “regional supply shortage of significant scope and duration.”’^ These release authorities have never been used. 
After Hurricane Sandy, however, NEHHOR distillate was provided to the Department of Defense. The Defense 
Logistics Agency distributed this fuel to support emergency operations and other priorities. 

Also, the Northeast Gasoline Supply Reserve currently contains about 1 million barrels of gasoline in five 
locations in New Jersey, Massachusetts, and Maine to serve consumers in the northeastern United States. This 
gasoline reserve operates under the same release authorities as the SPR, but under different authorities than 
the NEHHOR; depending on the nature and degree of the emergency, the threshold for use of these facilities in 
concert could prove difficult to reach. 
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Liquid Fuel TS&D Dependencies on Electricity 

In 2013, US. refineries consumed a total of 46 million megawatt-hours of purchased electricity in their 
operations. One of the biggest vulnerabilities for Gulf Coast and East Coast refineries can be the lack of 
electricity supply. Without power, refineries cannot continue to operate, and petroleum products cannot be 
moved through pipelines. A number of refineries have invested in portable generators; however, the majority 
has only established plans for leasing generators in advance of the hurricane, and even the largest 2-megawatt 
mobile generators cannot provide enough electricity to operate a refinery. During electrical outages, these 
generators provide electricity to critical facilities — the data control center, critical information technology 
facilities, and the water pumps required to remove storm water from the plant and refinery equipment. The 
high probability of electricity outages after hurricanes has caused refiners to initiate controlled shutdowns in 
advance of landfalls to avoid "cold shutdowns” that result in refinery damages. 

Crude oil and refined product pipelines also rely on electricity to move petroleum products, such as gasoline, 
through their systems. As noted, power outages from Hurricane Katrina caused the complete shutdown of 
three major pipelines for 48 hours and forced these pipdines to operate at reduced capacities for an additional 
2 weeks.*^^ In 2006, Colonial Pipeline responded to the need to keep pipelines operating during emergencies 
by installing trailer-mounted portable generators, some transformers, and additional cables. The generators are 
staged at a site in Mississippi and can be moved to any of Colonial’s pump stations depending on emergency 
needs.’^® 

Even these actions, however, have limitations, as they assume uninterrupted supplies of product from 
refineries and terminals. Evidence suggests this is problematic, as transmission pipelines depend on many 
independent and interconnected pipelines and terminals for delivery of supplies; the overall network feeding 
major transmission pipelines may not be able to meet supply needs in the event of a disruption. Also, this 
intermediary infrastructure is often co-owned by refineries; if a refinery is disrupted and vulnerable, so too are 
the interconnecting pipelines and ultimately the transmission pipelines that move product to consumers.’^* 

Refineries, pipelines, and distribution systems also rely on electricity to power supervisory control and data 
acquisition and other monitoring systems that ensure that their operations are efficient, safe, and secure. 
Finally, the loss of electricity can have a significant impact on retail gasoline distribution (see the Hurricane 
Sandy box on page 2-5). 

Vulnerabilities of Shared Transportation Infrastructures 

Transportation infrastructure (such as railroads, barges, tankers, and ports) that liquid fuels and coal share 
with other commodities also face resilience challenges from extreme weather and climate change. As noted, 
extreme weather events are increasing. Intermodal crossing points, such as grade crossings and waterway- 
railroad trestle intersections, will be vulnerable, as will stretches of rail far removed from observational 
networks.*” 

Rail Vulnerabilities Associated with Extreme Weather 

Railroads are vulnerable to structural damage and track misalignment where the roadbed has been affected by 
extreme weather. Railroad operations also are affected by weather conditions such as snow, flash floods, heat 
waves, and extreme wind. Extreme heat, for example, causes materials to expand, leading highways and roads 
to buckle and rails to kink (see Figure 2-9). A i,800-foot section of rail can expand by a foot with an 80-degree 
temperature change.'” These kinks can be highly dangerous and require vigilant track inspections. Some rail 
operators also issue “heat orders” during high temperatures that require trains to slow their speed along the 
tracks.'” 
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Barge and Tanker IVansport Are 
Affected by Extreme Weather 

More than 4,500 tank barges transport liquid fuels 
and coal nationwide.'^^ ^^They are vulnerable 
to damage by storm surge, as well as river flow 
fluctuations (e.g., on the Mississippi River) that can 
impede traffic or reduce barge fuel carrying capacity. 

During Hurricane Katrina, the Coast Guard closed 
parts of the Lower Mississippi River to traffic for 
more than a week as inspectors surveyed the river 
obstructions. More than 300 barges along the river 
were set adrift, sunk, or damaged, posing further risks 
to navigation.'^* Increased storm surge and flooding 
could interrupt barge navigation by flooding inland 
marine transportation infrastructure and increasing 
the velocity of flow on rivers, forcing channels to 
shutdown intermittently. In the long term, increased 
incidents of storm surge and coastal flooding may 
cause sand formations to build up in channels, 
forcing operators to shutdown channels that have 
become too shallow. 

Flooding by itself can have an impact on pump stations, control rooms, oil tanks, well pads, and barges or 
tankers travelling on flooded navigable waterways, such as the Mississippi River. High water conditions can 
disrupt barge and tanker traffic by, for example, barring navigation under bridges. In addition, if port and 
terminal facilities were flooded and shutdown, barge shipments that require loading or unloading at the 
terminals would be delayed.*^’ 

Drought can also affect some port facilities and some navigation channels that are inland, such as the 
Great Lakes. If water levels are too low, barges risk running aground, causing either disruptions to liquid 
fuel transport or lower draft limits. This forces barges to carry lighter loads, thereby reducing available 
supply.'^” Low water levels also can be caused by freezing temperatures upstream, leaving less water available 
downstream.'^' Climate change is expected to cause more frequent and severe weather in the future, which in 
some regions will lead to droughts and floods that may create further vulnerabilities for barge transport. 

Vulnerabilities of Energy TS&D and Shared Infrastructures to 
Physical Attack 

The lack of controlled standoff distances**^ or adequate barriers for a range of oil and gas transmission 
and distribution facilities and infrastructures makes them especially vulnerable to physical attacks. Much 
of the liquid fuel TS&D infrastructure in the central Atlantic Coast region, for example— including gas 
production, ports and terminals, and processing and refining facilities — is geographically concentrated, 
visible, and potentially accessible from major and ancillary transportation routes, making it vulnerable 
to intentional damage. Physical attacks on this type of infrastructure could have outsized impacts 
because of the concentration of refining and product storage facilities that serve other domestic markets. 


Figure 2-9. Rail Thermal Misalignment'^* 



Track buckling is typically caused by a combination of high compressive 
forces due to temperature stresses, weakened track conditions, and 
mechanical stress from train braMng and rolling friction. Safety and 
operations are therefore impacted by both extreme high and low 
temperatures, by causing track creep, and by making track more 
susceptible to the mechanical stresses that cause buckling. 


“Controlled standoff distance” refers to the distance maintained between an asset and a potential detonation site. 
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Results from an Argonne National Laboratory analysis of DHS survey data“ on critical infrastructure energy facilities 
showed that at many facilities vehicles may pose a risk by being placed (legally or illegally) inside a safe standoff perimeter. 

Increasing standoff distance is an effective way to mitigate potential consequences of certain types of threats. 
Other measures include fencing, barriers, access control points, and security personnel. Notably, only a portion 
of energy facilities has barriers in place sufficient to limit vehicle access and approach. The DHS critical 
infrastructure survey also assessed the existence of security forces at facilities- The prevalence of security forces 
is highly dependent on the energy subsector. Refineries generally have a security force, but liquid fuel product 
transport facilities tend to have less security. 


' Improving Cybersecurity in the U.S. Energy Sector 


INs Installment of the Qtiadiennial Bieigy Re/iew did not cany out ot^ri ana^ of t^r threats to energy infrastructure t 
significant work is bang dotte elsewhere It is noted, however, that qto threats tn enetgy deliveiy systems aregrowing and evolving. 

In 2013, there were 151 tybermddentsimoIvlnglheenergysectordiatwaeieptBtedtotheOepaitmentofHomelandSecutir/s 
tndustdal Control System Cyber fraeigency Response Team. Cybetseosily Isa shared responsibility among federal, state, local, tr.bar, 
and territorial entifet as well as public and private ownets and operators of critical Wrastiucture. 

Its februaiy 2013, President Obama issued Ixecutive Order WS.A3&M, Improving Critical Infrsstructut^ Cfbersecutttf, and 
Presidential Policy Oirective-21, Critical tnfrastmcture Security and Resilience. These pokte reinforce the need for holistic 
systems thinktng about security and risk management in the energy sector. In fehruary 2014, the Obama Administration 
launched the Cybersecuiity framework to assist organizations in enhancing critical infraslructure cybersecurity. . . .. 

While the Oepartment of Homeland Security coordinates the overall federal effort to promote the security and resilience of the 
Nation’s critical Infrastructure, in accordance with Presidential Policy Dlredjve-2I, the Department of Energy serves as the day- 
to^iay federal interface for sector-specific activities to Improve security and resilience in the energy sector. This Quadrennial . . 
Energy Review report does not go into detail about tybetsecurity; the U.S. government and others have activities underway to 
improve cybersecurity of ctilical infrastructure, troproving security and resilience includes accelerating progress In the following 
areas relevant to the Quadrennial Energy Review: . -- ■ 

Build robust information-sharing architecture aa^ibRiOlMigy sector. Robust infoimattoh sharing between 
government and Industry finduding owners and operatii^k&)a^®,i^ addresang cybw threats. Information Sharing and 
Alitysis Centers help propagate information on cyber threafSsi^^lities, incidents, and solutions in the energy sector. 

Expand implementation of best practices and sound j^Bdfi^ts by owners and operators. 1he Cybersecurity 
Capability Maturity Model, developed by the Department of &^Sj>artnership with industry and others, can identify and 
aswvarious practices for energy sector cybersecurity. in m^io^i^Shere is an opportunity for owners and operators of 
critical Wrasfruoure to Invest more in people, processes, that can Improve security and resilience. The model 

tan assist those responsible for overseeing cybersecurity dedsb%lsl®; 

Develop and deploy cutting-edge technical solutions. Experience indicates that proactive measures taken on the.basis , 
of advanced wearch and development can provide a defensive edge. The Department of Energy has partnered with energy . . 
sector owners, operators, and vendors since 2006 to research, develop, and deploy cybersecurity solutions according to a set 
of aeap, mid-, and tong-term obJectivK outlined In the " Roadmap to Achieve Enetgy Delivery Systems Cybersecurity,' which , 
was developed through.govemment-industty partnership. 

Build a. strong incident management capability. Government and industiy ate developing a strong capability to respond to senous 
.'Cybereecurity incidents in te ener® sector. Incident response plans need to he developed, vied, and tested through progressively - - 
«iiatl«ngingexerdses,aiWnatinginacapstone-type,exetdsei<BGridEx,whlchishoslsdt^theNotthAmericanEiKtrkReliability 
Corpoiation. future exercises could address the irttetdependetKy between the electricity stosector and theoil and gas subseao ' 


doe’s Office of Energy Policy and Systems Analysis requested that Argonne National Laboratory’s Infrastructure Assurance Center 
conduct an analysis of the protection and resilience information collected through DHS s Enhanced Critical Infrastructure Program 
Initiative, which conducts facility site visits and survey Ihe primary objective of this analysis was to identify gaps in preparedness 
and rapid recovery measures for surveyed energy facilities. The analysis was conducted on 273 energy facilities (170 electricity, 45 
liquid fuels, and 15 natural gas) using data collected from January 2011 through September 2014. 
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Chapter il: Increasing the Resilience, Reliability, Safety, and Asset Security of TS&D Infrastructure 


QER Recommendations 


This chapter has laid out a broad range of crucial issues and questions relating to improving the 
resilience, reliability, security, and safety of energy TS&D infrastructures. To continue to drive progress 
toward improving these key energy infrastructures, we recommend taking the following additional 
actions: 



I Develop comprehensive data> metrics, and an analytical framework for energy infrastructure 

i resilience, reliability, and asset security: Multiple gaps in federally accessible data impede decision 

; making on policies and investment related to resilience, reliability, and security. These data are 

i critical for understanding the extent to which our existing energy infrastructure is resilient and 

I for better informing resilience investments. DOE, in collaboration with DHS and interested 

I infrastructure stakeholders, should develop common analytical frameworks, tools, and metrics to 

1 assess the resilience, reliability, and security of energy infrastructures. The purpose of this work will 

I be to help inform, coordinate, set priorities for, and justify expenditures across Federal agencies to 

I increase the resilience, reliability, and security of energy infrastructure. 

i Establish a competitive program to accelerate pipeline replacement and enhance maintenance 

I programs for natural gas distribution systems: The proposed DOE program would provide 

I Federal competitive financial assistance to states to incentivize cost-effective improvements in the 

I safety and environmental performance of natural gas distribution systems. Specifically, it would 

I target transitional assistance (for a 3- to 4-year period) to help low-income households absorb initial 

j rate increases related to these activities; it would also provide incentives to accelerate the reduction 
! of methane emissions through repairs of other system components. This includes programs to 

accelerate the rate of replacement and repair of pipelines made of leak-prone materials and direct 
inspection and maintenance to reduce emissions from regulators and meters at city gate facilities. 
Providing rate assistance to low-income customers could incentivize states to expand current special 
regulatory cost-recovery programs, which in turn would facilitate increased private investment in 
infrastructure modernization. (See additional discussion on employment and workforce training in 
Chapter VIII, Enhancing Employment and Workforce Training). 

\ The program would be implemented through financial assistance to states awarded on a nationwide 
I competitive basis. State applicants would be required to demonstrate how the proposed financial 
i assistance would be integrated with rate-setting programs that would ensure that the funds are 

I applied to the targeted beneficiaries. Applications could be prioritized for funding based on 

I estimated net benefits of the proposal, considering factors such as enhancement of public safety, 

I magnitude of methane emission reduction, innovation in technical and policy approaches, number 

I of beneficiaries, and overall cost effectiveness. DOE would establish specific guidelines for each of 

; the evaluation criteria. 


The estimated cost for this program is $2.5 billion to $3.5 billion over 1 0 years. 
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QER Recommendations (continued) 


Support the updating and expansion of state energy assurance plans: DOE began a State Energy 
Assurance Planning Initiative in 2009 with funding from the American Recovery and Reinvestment 
Act of 2009. The Presidents Fiscal Year 2016 Budget proposes $35 million to establish a State Energy 
Assurance grant program to finance state, local, and tribal governments to continue this important 
task. DOE should continue a multi-year program of support for state energy assurance plans, 
focusing on improving the capacity of states and localities to identify potential energy disruptions, 
i quantify their impacts, and develop comprehensive plans that respond to those disruptions and 

; reduce the threat of future disruptions. 

I • The specific objectives of this initiative should be as follows: 

I 1. Strengthen and expand state, local, and tribal energy assurance planning and resilience 

\ efforts by incorporating innovative technologies and measures to improve resilience. 

^ 2. Build state in-house energy assurance expertise. 

i 3. Build regional energy assurance capability to allow states, localities, and tribes to better 

identify the potential for energy disruptions, quantify the impacts of those disruptions, 
and develop comprehensive mitigation and response plans. 

I 4. Address the disproportionate impacts of potential energy disruptions on vulnerable or 

I underserved communities. 

I • Energy assurance plans funded under this recommendation should be continually updated to 

i reflect changing conditions and new threats and should be tested for adequacy in simulations 

or exercises to maintain staff capacity to implement the plans. 

I • As part of updating the state energy assurance plans, states would be encouraged to work 

i with industry and each other to identify locations where energy infrastructure is particularly 

; vulnerable to disruption (e.g., by physical attack) and craft effective strategies to reduce 

f vulnerability and coordinate preparedness and response plans. 

; • As part of these plans, states should also assess needs for backup electricity at retail gasoline 

stations along emergency evacuation routes. 

■ • DOE should encourage strong intei^overnmental coordination to ensure state and local 

I energy assurance plans interface with one another, as well as with Federal and private sector 

) disaster and emergency response plans. 

• Having a state energy assurance plan that meets a threshold of completeness and rigor 

j should be an eligibility requirement for other kinds of Federal funding related to energy 

I infrastructure. 

i 

• This program should be supported on either a 2-year or 3-year cycle. 

\ On a 3-year cycle, the estimated support needed for this program over 10 years is $350 million. On a 

\ 2-year cycle, the estimated support needed for this program over 1 0 years is $500 million. 
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Chapter II: Increasing the Resilience, Reliability, Safety, and Asset Security of TS&D Infrastructure 


QER Recommendations (continued) 


I Establish a competitive grant program to promote innovative solutions to enhance energy 

i infrastructure resilience, reliability, and security: DOE should establish a program to 

I provide competitively awarded grants to states to demonstrate innovative approaches to TS&D 

? infrastructure hardening and enhancing resilience and reliability. A major focus of the program 

i would be the demonstration of new approaches to enhance regional grid resilience, implemented 

j through the states by public and publicly regulated entities on a cost-shared basis, incorporating 

I lessons learned from new data, metrics, and resilience frameworks. 

i • An example of such a project is the NJ TRANSITGRID, which incorporates renewable energy, 

i distributed generation, and other technologies to provide resilient power to key NJ TRANSIT 

stations, maintenance facilities, bus garages, and other buildings. Through a microgrid design, 
I NJ TRANSITGRID will also provide resilient electric traction power to allow NJ TRANSIT 

I trains on critical corridors, including portions of the Northeast Corridor, to continue to 

I operate even when the traditional grid fails.’"*^ This project received $410 million from the 

1 Department of Transportation in late 2014 and partnered with DOE on project design. 

i • The Department of Housing and Urban Developments National Disaster Resilience 

Competition, which supports innovative resilience projects at the local level, could also serve 
as a model for types of projects to be funded, with a specific focus on energy. 

j • The grant program should also include incentives to establish mandatory resilience standards 

; and codes. States, tribes, and local governments with resilience standards in place would be 

i eligible to receive cost-shared grant funding. Approved state energy assurance plans could 

i also be a criterion for eligibility. 

The estimated cost for this program is $3 billion to $5 billion over 1 0 years. 

> Analyze the policies, technical specifications, and logistical and program structures needed to 

mitigate the risks associated with loss of transformers: As part of the Administration’s ongoing 
•; efforts to develop a formal national strategy for strengthening the security and resilience of the 

I entire electric grid for threats and hazards (planned for release in 2015), DOE should lead — in 

i coordination with DHS and other Federal agencies, states, and industry — an initiative to mitigate the 

I risks associated with the loss of transformers. Approaches for mitigating this risk should include the 

? development of one or more transformer reserves through a staged process. 

j • The staged process should begin with an assessment of technical specifications for reserve 

transformers, where transformers would be located and how many would be needed, how 
I transformers would be secured and maintained, how transformers might be transported, and 

I whether new Federal regulatory authorities or cost share are necessary and appropriate. These 

i reserves may include smaller, deployable transformers. 

I • The analysis under this process should both recognize significant efforts already underway 

I by industry to share transformers and parts, including planning for surge manufacturing 

I and long-term standardization of transformer designs, and build on policy work already 

I underway by Federal regulators. 
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QER Recommendations (continued) 


Analyze the need for additional or expanded regional product reserves: The benefits of an RPPR 
derive from its ability to replace lost product supplies in emergency situations and mitigate sharp 
increases in petroleum product prices. DOE should undertake updated cost-benefit analyses for 
all regions of the United States that have been identified as vulnerable to fuel supply disruptions. 
Additional or expanded RPPRs could be supported, depending on the outcome of these studies. 

Integrate the authorities of the President to release products from RPPRs into a single, unified 
authority: Congress should amend the trigger for the release of fuel from NEHHOR and from the 
Northeast Gasoline Supply Reserve so that they are aligned and properly suited to the purpose of a 
product reserve, as opposed to a crude oil reserve. 
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Chapter II: Increasing the Resilience, Reliability, Safety, and Asset Security of TS&O InfrasGucture 


RECOMMENDATIONS IN BRIEF: 

Increasing the Resilience, Reliability. Safety, and Asset Security of TS&D Infrastructure 


Develop comprehensive data, metrics, and an analytical framework for energy infrastructure resilience, 

reliability, safety, and asset security. The Depatnient of fiietgy (DOE), in collaboration with the Department of Homeland 
Security and (Merested infrastructure stakeholders, should develop common analytol frameworks, tools, metrics, and data to 
assess the resilience, reliability, safety, andsecurityof energraifiastmctures. 

Establish a competitive program to accelerate pipeline replacement and enhance maintenance programs for 
natural gas distribution systems. DOE should establish a; program to provide financial assistance to states to incendwiie 
cost-effective improvements in the safety and environmental performance of natural gas distribution systems through targeted 
funding to offset incremental costs to low-income househotife and fundng for enhanced direct inspection and maintenance ; 
programs. 

Support the updating and expansion of state energy assurance plans. DOE should undertake a multi-year program 
of support for state energy assurance plans focusing on Improving the capacity of states and localities to idenfi^ potential 
energy disruptions, quanti^ their impacts share Information, and develop and exercise comprehensive plans that respond toss 
those disruptions and reduce the threat of future disruptions 

Establish a competitive grant program to promote innovative solutions to enhance energy infrastructure 

resilience, reliability, and security. DOE should establish a program to provide competitively awardW grants .to states to » 
demonstrate innovative approaches to transmission, storage, and distribution (TS&P) infrasltucture hardening and enhancingjs 
resilience and isliabillty. A.ma)or focus of the program would be the demonstration of. new approaches to enhance regional ' 
grid resilience, implemented through die states by public and publidy regulated wtities on a cost-shared basis. 

Analyze the policies, technical specifications, and logistical and program structures needed to mitigate the 
risks associated with loss of transformers. As part of the Administration's ongoing efforts to develop a format nationat si 
strategy for strengthening the security and resilience of the entire electric grid for threats and hazards (planned for retease’ in ; 
201 5), DOE should coordinate with the Department of Homeland Security and other Federal agencies, states, and InduStiy— ■ 
an Initiative to mitigate the risks associated with the loss of transformers. Approaches for mitigating this risk should Include 
the deveic^iment of one or more transformer reserves through a staged process, 

Analyze the need for additional or expanded regional prt^uct reserves. DOE should undertake updated cost- 
benefit analyses for all regions of the United States that have been identified as vulnerable to fuel supply (Eruptions to inform 
subsequent decisions on the possible need for additional regional product reserves. 

Integrate the authorities of the President to release products from regional petroleum product reserves into 
a single, unified authority. Congress should amend the trigger for the release of fuel from the Northeast Horne Heating- ; e 
.O ilReserve and from the Northeast Gasoline Supply Reserve so that they ate aligned and properly suited to the purpose of 9 
product reserve, as opposed to a crirde oil reserve, 
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Chapter III 

MODERNIZING THE 
ELECTRIC GRID 


This chapter examines how the electricity griri of the future can provide 
affordable and reliable clean electricity, while minimizing further human 
contributions to climate change. After an introduction to the structure of the 
U.S, electrical grid, the chapter lays out a vision for its transformation and 
describes the drivers of change toward the future grid. These major drivers 
cover challenges and opportunities that affect transmission and distribution 
grids, involve new technologies and services, and require careful consideration 
of the diverse institutions and business models currently involved in managing 
the grid. After discussion of a policy framework for the grid of the future, the 
chapter concludes by presenting a series of recommendations, divided into 
three major categories: (1) research and development, analysis, and other 
studies; (2) state and regional planning and managing across Jurisdictions; and 
(3) appropriate valuation, standards, and measurement methods to facilitate 
the introduction of new technologies and practices to improve the grid. 
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Chapter lil: Modernizing the Electric Grid 


FINDINGS IN BRIEF; 

" ” Modernizing the Eiectric Grid 


Investments in transmission and distribution upgrades and expansions will grow. It is anticipated that in the next 
two decades, large transmission and distnbution investments will be miie to replace aging mfrasttuct ure; maintain reliability; 
enable market efficiencies; and aid in meeting poHcy otfectivesi Stidt as greenhouse gas. reduction and state renewable energy 
goals. 

Both long-distance transmission and distributed energy resources can enable lower-carbon electricity. The : 

tfansmission network can enable connection to high-qwltly renewables and other lower-carboit resources far from load 
centers; distributed energy resources can provide local towiarbon.power and efficiency. 

The potential range of new transmission construction is within historic investment magnitudes. Under nearly 
all scenarios analyzed for the Quadrennial Energy Reviewjntcuit-miles of transmission added through 2030 are roughly equal 
to those needed under the base case. And while those base-case transmission needs are significant, they do not appear toi 
exceed historical yearly build rates. 

Flexible grid system operations and demand response can enable renewables and reduce the need for new 
bullt-power-level infrastructure. End-use efficiency, demand response, storage, and distributed generation can reduce the; 
expected costs of new transmission investment 

Investments in resilience have multiple benefits. Investments in energy efficiency, smart grid technologies, storage, and 
distributed generation can contribute to enhanced resiliency and reduced pollution, as well as provide operationat ftexiblli% for 
grid operators. 

Innovative technologies have significant value for the electricity system. New technologies and data applications 
ate enabling new services and customer choices. These hold the promise of improving consumer experience, promoting . 
mnovationyand increasing revenues beyond the sale of electric kilowatt-hours. 

Enhancing the communication to customer devices that control demand or generate power will improve the 
efficiency and reliability of the electric grid. For example, open interoperability standards for customer devices and 
modified standards for Inverters will improve the operation of the grid. 

Appropriate valuation of new services and technologies and energy efficiency can provide options for the 
utility business model. Accurate characterization and valuation of services provided to the grid by new technologies can 
contribute to clearer, prlce.signals to consuraers and inifastruaute owners, errsuring affordability, sustainability, and 
.iB;a rapidly evolvitigeletirieltysysf^^^ -I-; - - j;; 

Consistent measurement and evaluation of energy efficiency is essential for enhancing resilience and 
avoiding new transmission and distribution infrastructure. Efficiency programs have achieved significant siergy ; 
savings, but using standard evaluation, measurement, and verification standards, tike those recommended by the Departpi^tS 
of Energy’s Onifortn Ivieffiods Project, Is key to ensuring that ail the benefits of efficiency ate realized, Including avoiding tte^ 
expense.of building new infrastructure. 

States are the test beds for the evolution of the grid of the future. Innovative policies at the state level that reflect 
differences in resource mixandpriorifies can Infonii' Federal approaches. i: , 

Different business models and utility structures rule out "One-Size-Fits-AII" solutions to challenges. A range of 
entities finance, plan, and operate the gtB.: Micies to provide consumers with affordable and reliable electricity rriust lake Into 
acepunt the variety of business models for investing, wnlli^ and operating grid infrastructure. 

Growing jurisdictional overlap impedes development of the grid of the future. Federal and state jurisdiaion over 
' electric services .are increasittgly 'interacting and overlapping. „ .. . . 
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The Electric Grid in Transition 

The United States has one of the worlds most reliable, affordable, and increasingly clean electric systems — a 
system that powers its economy and provides for the well-being of its citizens. The U.S. electric system is at a 
strategic inflection point — a time of significant change for a system that has had relatively stable rules of the 
road for nearly a century. 

The structure of todays U.S. electric grid grew organically over the course of the last century (see Figure 3-1). 
Historically, it was geographically based — with one-way flows of energy from central station generators, over 
transmission networks, through substations to distribution systems, and over radial distribution circuits to 
end-use customers. 


Figure 3-1. The Electric Grid^ 
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Six components comprise the grid: four physical components, including generation, transmission, distribution, and storage: the information 
infrastructure to monitor and coordinate the production and delivery of power and operate the grid; and customer demand — ^the driver of power 
system operation and investment. New storage technologies could be deployed throughout the power system in the future. 


The U.S. electricity sector is influenced by a variety of new forces, some of which will affect the future growth 
and management of the grid. Current drivers of change within the electricity sector include the growing use of 
natural gas to power electricity generation; low load growth; increasing deployment of renewable energy and 
the retirement of coal and nuclear generation; severe weather and climate change; and growing jurisdictional 
interactions at Federal, state, and local levels. Innovative technologies and services are being introduced to 
the system at an unprecedented rate, often increasing efficiency, reliability, and the roles of customers, but also 
injecting uncertainty into grid operations, traditional regulatory structures, and utility business models. 

The changing nature of grid operations, the implications of demand response and distributed generation 
deployment at increasing scale, the introduction of other new technologies, and growing consumer interaction 
with the grid are putting pressure on the regulatory boundaries that have evolved over the past century. 
Resolving the institutional, regulatory, and business model issues that could enable the grid of the future will 
help the United States take fuR advantage of the range of available energy sources and technologies that will 
help meet its climate change goals. These sources and technologies include energy efficiency; energy storage; 
carbon capture, utilization, and storage; electric vehicles; microgrids and other distributed technologies; and 
nuclear, natural gas, and renewable energy generation. A positive resolution of these issues will also help 
mitigate the growing vulnerabilities of the grid to cyber, physical, and climate change threats, as well as ensure 
the grid’s reliability under its current institutional structures. 
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Chapter lil: Modefni7ing the Electric Grid 


The Electric Grid: Complex, Highly Engineered, Essential for Modern Life 

At the core of the electricity system is the grid — a complex, highly engineered network that coordinates the 
production and delivery of power to customers. Ihere are six elements that make up the grid {see Figure 
3-1) — four physical components of the electric system (generation, transmission, distribution, and storage); 
the information infrastructure to monitor and coordinate the production and delivery of power and operate 
the grid; and demand— -the driver of power system operation and investment. Transmission, storage, and 
distribution (TS&D) provide the backbone of the grid, with storage increasingly deployed throughout the 
power system. 

Today, the US. transmission and distribution system is a vast physical complex of interlocked machines and 
wires, with a correspondingly complex set of institutions overseeing and guiding it through policies, statutes, 
and regulations. The U.S. grid delivers approximately 3,857 terawatt-hours^ of electrical energy from electric 
power generators to 159 million residential, commercial, and industrial customers.* This is accomplished via 
19,000 individual generators at about 7,000 operational power plants in the United States with a nameplate 
generation capacity of at least 1 megawatt (MW).^ These generators send electricity over 642,000 miles of high- 
voltage transmission lines and 6.3 million miles of distribution lines."* Together with its electric generation 
component, the grid is sometimes referred to as the worlds largest machine; in 2000, the National Academy of 
Engineering named electrification as the greatest engineering achievement of the 20th century.^ 

Transmission is the high-voltage transfer of electric power from generating plants to electrical substations 
located near demand or load centers. As shown in Figure 3- 1, step-down substations are the boundary between 
the transmission system and the distribution system that serve retail customers. High-voltage transmission 
lines can more easily accommodate two-way flows of electricity than the distribution network. High-voltage 
transmission lines have a range of voltage classes — mostly alternating current with some direct current. 
Transmission lines are primarily owned by investor-owned utilities and public power and cooperative-owned 
utilities within each interconnection. New forms of ownership of transmission assets, including independent 
transmission companies and“pure-play” merchant transmission firms, are beginning to emerge. For the 
new transmission-focused utilities, the core business and potential source of profits is based on acquiring, 
developing, building, and operating transmission. 

Distribution is the delivery of power from the transmission system to the end users of electricity. Distribution 
substations connect to the transmission system and lower the transmission voltage to medium voltage. This 
medium-voltage power is carried on primary distribution lines, and after distribution transformers lower 
the voltage, secondary distribution lines carry the power to customers. Larger industrial customers may be 
connected directly at the primary distribution level. The poles supporting distribution lines, meters measuring 
usage, and related support systems are also considered to be part of the distribution system. 

A Vision for the Grid of the Future 

Todays grid~where power typically flows from central station power plants in one direction to consumers— is 
fundamentally different from the grid of the future, where two-way power flow will be common on both long- 
distance, high-voltage transmission lines and the local distribution network. 

The grid of the future will be an essential element in achieving the broad goals of promoting affordable, 
reliable, clean electricity and doing so in a manner that minimizes further human contributions to climate 
change. To do this, the grid of the future will have to accommodate and rely on an increasingly wide mix of 


“ Here, a “customer” is defined as an entity that is consuming electricity at one electric meter. Thus, a customer may be a large foctory, a 
commercial establishment, or a residence. A rough rule of thumb is that each residential electric meter serves 2.5 people. 
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resources, including central station and distributed generation^’ (some of it variable in nature), energy storage, 
and responsive load. It should support a highly distributed architecture that integrates the bulk electric and 
distribution systems. It should enable the operation of microgrids that range from individual buildings to 
multi-firm industrial parks and operate in both integrated and autonomous modes. 

New technologies for the grid, including storage, will alter the traditional real-time requirements for grid 
operations and the nature of production, transmission, and distribution of power — opening up new avenues 
for flexible and cost-effective operation of the grid. 

The grid of the future should be supported by a secure communication network — its information backbone — 
that will enable communication among all components of the grid, from generation to the customer level, and 
protect the system from cyber intrusions. This communication network will support the ability to monitor 
and control time-sensitive grid operations, including frequency and voltage; dispatch generation; analyze 
and diagnose threats to grid operations; fortify resilience by providing feedback that enables self-healing of 
disturbances on the grid; and evaluate data from sensors (such as phasor measurement units‘) that enable the 
grid to maximize its overall capacity in a dynamic manner. 

In short, the grid of the future should seamlessly integrate generation, storage, and flexible end use. It should 
promote greater reliability, resilience, safety, security, affordability, and enable renewable energy, while achieving 
better economic and environmental performance, including reductions in greenhouse gas (GHG) emissions. 

It will require business models and regulatory approaches that sustain grid investment and continued 
modernization while at the same time allow for innovation in both technologies and market structures. 

The Department of Energy’s (DOE s) Quadrennial Technology Review summarizes the technology challenges 
and research, development, and demonstration requirements for transforming the grid and achieving this 
vision. The Quadrermial Energy Review (QER) therefore focuses on the institutional, regulatory, and business 
model barriers to achieving the grid of the future. 

Emerging Architecture of the Grid 

The architecture of the grid is a new, emerging concept that defines the grid as not just a physical structure, but 
one that encompasses a range of actors and needs.® This new, broader concept of a grid architecture considers 
information systems, industry, regulators, and market structures; electric system structure and grid control 
frameworks; communications networks; data management structure; and many elements that exist outside 
the utility but interact with the grid, such as buildings, distributed energy resources, and microgrids. The 
grid’s architecture is shaped by public policy, business models, historical and even cultural norms of practice, 
technology, and other factors. Analyses conducted for the QER (see box on page 3-6) focused on the complex 
interactions of these players and qualities, with the goal of suggesting recommendations to help drive toward a 
vision of actively shaping the grid of the future, as opposed to passively allowing the grid to evolve in a bottom- 
up manner and waiting to see the form that emerges. Analyses carried out for the QER also considered the 
drivers of change and how those drivers affect both today’s grid and the future grid. 


* There are a variety of options for distributed generation, including photovoJtaics, wind, low-head hydropower, combined heat and 
power, and fuel cells. 

Phasor measurement units operate by the simultaneous measurement and comparison of an important electrical property of 
large-scale alternating current transmission networks known as “phasor angles," thus the name "phasor measurement units.” This 
will provide valuable real-time early warning of potential grid problems, including over very large geographic regions, when the 
technology is fully deployed and related tools to use the information are implemented. 
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Chapter Hi: Modernizing the Electric Grid 


" Electricity Transmission Scenario Analysis 

Quaienraal Energy Review scenario ana^is used System model to determine the impact of : ? 

varying 10 mpul assumptions, rodividualiy and In on ttSvtaismlsion n^s (see Chapter I, Introduction, Table 1-2 

^ ; for the complete list of cases), majority of cases riarattef^dKW ener^ toires, m which renewable ener^ costs (such as 

, solar and wnnd) dropped dramatically, (:»■ a gre^ouse^ c^rifeawe kWr af^ carbon-free elK&idty generation deptoyrmnt 
An accelerated nuclearretirement case lookedattheeffectofthei^tossofbaseiQadcapacfty andisdiscus^d In depth in die 
Electnci^ Appendix. Ihe Quadrennial E ner^ Review forassd ontee cases as most likely to "stress" the transmission system, 

: asth^WGutdproducesigmficantcbangesmtheelectrk%s6®H-,;andthuslargepQtentfeTch^geslntransmissionneeds. 

Under tlw Annual Energy Outlook 2014 Referena case, instated w^awatt-miites of transmission infrastructure grew by 
0.3-1. 5 percent per year and 6 percent total through 203ft; there was a range of new Installed transmission across the 

none of the scenarios appeared to requhe additopialbwldout beyond that already antiapated in the 2030 timeframe, nor 
did rates in any scenario exceed recent historical traTsmBsion iiweshnentl^ls. 

Drivers of Change for the Grid of the Future: Transmission and 
Distribution 

While the architecture of the grid of the future extends well beyond the physical structure of the system, a 
discussion of the drivers of change for the grid of the future should start with a consideration of the changes 
that will likely affect both transmission and distribution systems. Both systems may continue to grow in 
physical size to meet new needs, including demands for lower carbon electricity, but investments to facilitate 
flexible operations and resilience can enable smart growth, so both transmission and distribution systems can 
serve customer needs more effectively and economically. 

Investments in Transmission Are Expected to Grow 

Transmission development and planning activity has been on the rise since the early 2000s, reversing a 
decades-long decline following the historic build-out of the transmission system in the mid-20th century. As an 
asset class, transmission attracts significant investment from utilities, financial investors, and project developers. 
Investor-owned utilities spent a record high of $16.9 billion on transmission in 2013,’ up from $5.8 billion in 
2001.® The number of circuit miles added to the Nations transmission networks has also been on the rise in recent 
years (see Figure 3-2), but new line construction accounts for just slightly more than half of total investments.^ 
Non-line investments — including station equipment, fixtures, towers and undergrounding lines— were increasing 
even during the lowest period of circuit miles construction from 1997 to 2012 (see Figure 3-3). 

Drivers of recent investment increases include new technologies for improved system reliability; development 
of new infrastructure to ease congestion; interconnection of new sources of generation, including renewable 
resources; and support for production of natural gas. These investments have very distinct regional 
characteristics based on the different resources and constraints of each region. ” The largest increase in 
transmission spending over the last 15 years occurred in the Western Electricity Coordinating Council, with 
much of the transmission expansion happening in southern California to relieve constraints and connect to 
renewable resources.'^ 

Looking forward over the next several years, a high level of transmission investment is expected to replace 
aging infrastructure; maintain system reliability; facilitate competitive wholesale power markets; and aid 
regions in meeting their public policy objectives, such as GHG reduction and renewable energy goals. How 
much new transmission capacity is built in the future depends on a number of factors, including the amount 
of transmission necessary to connect high-quality wind, solar, and other energy resources to load centers; 
uncertainty about state and Federal incentives like the Production Tax Credit; flat or declining electricity 
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demand; and the costs of alternative generation and demand-side resources. For renewables, an additional 
uncertainty is whether time of permitting or the costs of additional transmission facilities may lead to the 
development of wind or solar resources that are of lower quality but closer to load (Appendix C, Electricity, 
includes a more in-depth discussion of transmission). Nevertheless, there are a number of long-distance 
interregional transmission lines now in various stages of market development.*^- 

Figure 3-2. Historic and Projected Expansion of Net Transmission Circuit Miies*^ 

Circuit Miies 


10,000 



■ [1]:EEI(>132W) ■ [2]: NERC (>200kV) ■ (3):Ventyx{>200kV) 

■ Projected Transmission Additions from NERC under Form EIA-41 1 (>200kV} 

■ Projected Transmission Additions from NERC under Form ElA-41 1 (all) 


Addition of new circuit miles to the Nation's transmission system has increased in recent years after over a decade of lower build-out, This increase 
has been driven by investments to replace aging infrastructure; maintain system reliability; facilitate competitive wholesale power markets; and 
support public policy objectives, such as GHG reduction and renewable energy goafs, Circuit miles constructed in a year vary more than total 
transmission infrastructure spending, which has had an upward trend since the iate 1990s. Note that historical values are year to year reported net 
changes in totai circuit miles. 
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Chdpter Hi: Modernizing the Electric Grid 


Figure 3-3. Investment in Transmission infrastructure by Investor-Owned Utilities, 1997-2012’^ 


Billions of 2012 Dollars 
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Spending on the various components of transmission infrastruaure has steadily increased since the late 1 990s, driven by factors ranging from the 
need to replace aging materials, to the development of new technology for increased reliability, to requirements to connect new generation. 

Both Long-Distance Transmission and Distributed Energy Resources Can 
Enable Lower-Carbon Electricity 

Both bulk and distributed technologies have the potential to supply low-carbon electricity, enhance system 
reliability, and operate at a reasonable cost for all consumers. High-quality renewable energy sources suitable 
for utility-scale generation facilities are often located in remote areas. New long-distance transmission lines 
may be necessary in the future to connect these resources to demand centers. Conversely, other factors, such as 
extensive deployment of distributed energy resources, could potentially reduce the need for additional long- 
distance transmission build-out in the future. 

The analyses conducted for the QER examined transmission capacity needs in 2030 under a variety of 
scenarios (this analysis did not consider distribution line needs). One scenario considered in QER analyses 
modeled transmission capacity necessary to accommodate high deployment of low-cost distributed energy 
resources using low-cost solar photovoltaic (PV) as a proxy for all types of distributed generation. The results 
of scenario modeling show that changes in transmission requirements through 2030 for a high-distributed 
PV case vary by region. In most regions, 2030 transmission needs are similar to those for a scenario based 
on the Annual Energy Outlook 2014 Reference case — high deployment of very low-cost distributed energy 
resources does not eliminate the need for additional transmission capacity. In fact, transmission requirements 
in the Upper Midwest and Great Lakes regions increase slightly under the distributed PV scenario in order to 
optimize remaining baseload resources. 
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In the Southwest, transmission buiid-out requirements do, however, drop somewhat with expanded distributed 
PV because less utility-scale PV would be built in that region. This same effect is seen to a smaller extent 
in other Western regions. A review of three DOE-funded interconnection-wide studies, performed with 
American Recovery and Reinvestment Act of 2009 grants from 2012 to 2014, showed that scenarios combining 
high levels of end-use efficiency, demand response, and distributed generation can reduce the expected costs 
of new transmission investment. One 20-year scenario modeled in the Western Interconnection resulted in a 
reduction of $10 billion in transmission capital costs (or 36 percent below the base case).'® 

There are multiple technology innovations that could provide new long-distance transmission options. A 
serious physical challenge of high-voltage transmission lines is that the physics and safety factors require 
certain distances between the conducting wires and the ground and persons. Opponents of new transmission 
lines have called the resulting towers unsightly, intrusive, or “visual pollution.” Ways to reduce additional 
issues with siting include the use of existing transmission line corridors, as well as technology fixes, such as 
higher-capacity-conducting materials, high-voltage underground lines, and even superconducting cables 
(also underground). Encouraging progress has been made on higher-capacity conductors that can be restrung 
on existing towers and on underground high-voltage direct current cables. These technologies should be 
considered and used when appropriate. 

Flexible Grid System Operations and Demand Response Enable Variable 
Renewables and Reduce Need for New Infrastructure 

All power systems have been designed with some level of flexibility to accommodate variable and uncertain 
load and contingencies related to network and conventional power plant outages. Flexibility is the ability of a 
resource — whether it is a component or a collection of components of the power system-— to respond to the 
scheduled or unscheduled changes of power system conditions at various operational timescales (see Figure 
3-4 for the timescale of different grid operations and planning functions).’® 


Figure 3-4. Transmission Operation and Planning Functions Shown by Timescale^° 
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Reliable and affordable electricity from the grid requires a continuum of operating, plannmg, and investment decisions over a wide-time horizon. 

Grid operators must respond to trends affecting load patterns across a range of timescales, such as decreased 
demand growth, the changing demand patterns across the day, increased variable renewables, power plant 
retirements, and more extreme weather events. Many recent analyses lay out options for flexible electric 
systems.^' Increased electric system flexibility can come from a portfolio of supply- and demand-side options, 
including grid storage, more responsive loads, changes in power system operations, larger balancing areas, 
flexible conventional generation, and new transmission.^’ 
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Powef^ifcirlcetiiig Administrations: Valuable Federal 'transmission Assets 




access to eiec&iO% toy fetof the four feoerai Pcnwr Marfc^tng 

: Tennessee V^ley Au8k)j% have a s^iSkant foQ^lnt within the North -"encan grid Today 

varytnf^^i^^he'operaticm, niaintenafKs, andhu^nwswnte^tetfiKefedeiaifansmission assets ; ^ funded by revenues 
by preference customer. Horiom^^ «w^ astomer^provider relationship, Coi : ess has establishec 
V ; pro®gBfci]^|>uil^ on the expertise of the Power Waitshi^ AAntBishatiof^. One ts the Section \2 ^ program estaW'SheJ 

s??i?%the Enset^llfii^ Act of 2005 that authon 2 esthe ^jain?att:itf tegy, through the Southwestern and/orW^esterrr Area 
to partner with third parties tob^ttMisffli^on prefects. There is one applicant pn^iosh^ a tme fnsn 
•r. '-riwifKl resOTiees^flT^lahoma to Tennessee.^ The ot^^ pre^tm fethe Transmission Infrastructure progran 'stablisned by th» 

Kecovery and Reinvestment Act of 2009. The progran aSows the Wstern Area Power Admin'strati^riopKwWs loans 
and partner on transmission projects within its service a^toaippoit the development of renewable r^pucces. The first 
Transmission infrastructure Program project, the Montana tO;A&erta Tie UneyOeated 300 megawatts ■ 

specifically for renewable energy* The project immediatehf enabled 189 MW to be oepktyed from thfei^irtt Rode wind 
>; V farm m Montana to markets.* The second projea to be completed is Electrical District 5 - Paio Verde Hut i this solar-rich ^ 
mmihB Electrical District 5 - Palo Verde Hub adds up to 410 MW erf bi-directional capacity to the eJectnc grid, 2^ MW of 

connecting to the vital Palo Verde market hub that serves markets . in Arizona, southern California, and Nevada.^ 


^ Department of £n€rgy.“Pr(^08ed Project: Plains and Eastern Clean tUw." http://energy..gov/oe/sefvices/e{ectricity'po[lcy- 

* Enbridge.*‘Montanar-A!bertaTie-Une.’'http:/A«vvw.enbrklge.corn/Delivefing£nergy/Povver-Trafisrnissiori/Montana-Afberta- 
r Tie-lme.aspx.AcceMedFebrudry 

A NaturEticr,*IUmRockWmdFarm.”httpVAwvw.naturener.us/rimfock,Acc(»sedFebniaryl,201S. 
f Webern Area Power Administration. "Electrical District No.5 - Palo Verde HubProjectf* httpyAvVv2 .wap8,gov/sitesAivesterrV ; 
; tfansnilssiohi%/project^ges/ed5pvh.aspx.Access^Feiwuary 1.2015. A ; 


Demand Response 

Demand response improves flexibility by enabling consumers to participate in load controlj it could also 
reduce the need for new infrastructure. Demand response mechanisms can include automated load control, 
smart grid and smart metering, real-time pricing, and time-of-use tariffs. Demand response can be a cost- 
effective grid resource; though, it requires strict regulations for response time, minimum magnitude, reliability, 
and verifiability of demand-side resources. Experience in the Texas wholesale electricity system and, more 
recently, in California shows that market designs that include demand response participation can markedly 
improve system flexibility. For example, industrial customers supply a significant portion of the Electric 
Reliability Council of Texas’s responsive (spinning) reserves and have demonstrated the ability to effectively 
respond within minutes to a dramatic change in wind output.^^ 


Energy Storage 

Energy storage technologies, including pumped hydro storage, thermal storage, hydrogen storage, and batteries 
provide valuable system flexibility. Storage is unique because it can take energy or power from the grid, add 
energy or power to the grid, and supply a wide range of grid services on short (sub-second) and long (hours) 
timescales. It can supply a variety of services simultaneously. For example, concentrating solar power paired 
with highly efficient thermal storage becomes a dispatchable resource (meaning grid operators can control 
the power output) available throughout the day. Many storage technologies (e.g., batteries, flywheels, and 
supercapacitors) have fast response rates (seconds to minutes) available over a short time frame; other storage 
technologies, such as compressed air energy storage, are better suited to offer flexibility in the time frame of 
hours to days. Pumped hydro storage is usable on a timescale from seconds to days. 
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Pumped hydro storage currently represents the largest share of storage in the United States, with 42 pumped hydro 
storage plants totaling about 22 gigawatts of installed cq>acity, \^ch is equivalent to about 2 percent of US. electricity 
generation capacity.^^ There are currendy an additional 37 g^watts projects that are in some stage of licensing at 
the Federal Energy Regulatory Commission (FERC).“ The original pumped hydro storage plants were built to store 
power to release at peak demand. New technology (such as ^^uiable speed pumps) enable pumped hydro storage to 
provide ancillary services (i.e., functions that maintain the reliability of the grid); integrate variable renewables; and 
provide other services, such as restarting down generators during an outage. Under current market structures, options 
such as dispatchable natural gas are cheaper and fester to permit than pumped hydro storage. FERC has a pilot project 
underway to test a shorter 2-year licensing process for pumped hydro storage. 


Federal and State Activities to Promote Storage 


Depar^entofEnwgy^CX)£)suppbrtfor^ralu3tKK),ear^<fepbjptwt^;andeducationhascomrlbutedtostptageadq3tion.f^3r % 
example, fedbra! Energy Regulatofy CofnmKsfen Oder 755 fefe stpdy showing feat "ener^, storage resources (such 

as flywheels and batteries) could as much as 1 ? times more fean conventioRal ramp-tlmited regulation resources" 

for providf}^ frequent rc^ulatton.^The ort^ requires paymefe MIfeEIUency fe^ resources based on a fesouTGe's speed 
and acoira^,' resulting m stgnifkanl growth of stcaage Installations in mark^such as PiM.i The recent DOE Energy Storage ^ . . ^ 
Safety Strategic Plan addresses 'mstltutkmal banlers to enhance the safe^ and feriabjlity of storage " 

States have built on these advarrees to bring storage bw^ to dd^r to the. mainstream. California, horne.to multiple - iv 
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Traditionally, power generation must meet consumer demand in real time. Storage provides a buffer between 
generation and volatility of customer demand. FERC Order 755, adopted in 2011, recognizes the ability of 
storage to contribute to frequency regulation on the grid faster than centralized generators. The box on 
page 3-11 provides more examples of Federal support for storage development and deployment. 

The impact of storage can be location-dependent, so grid operators and regulators need new planning tools 
and procedures to make use of storage as a standard grid component and to optimize storage location and 
size. Changes in the way the United States values ancillary services can also help make the services provided by 
storage a competitive option. In the future, distributed storage (e.g„ grid-connected electric vehicles) could be a 
transformative technology. 

Changes to Power System Operations 

Changes to power system operations and markets can provide significant existing flexibihty, often at lower 
economic costs than building new transmission infrastructure. Operations examples include more frequent 
dispatch (which reduces the time frame over which a generator must follow a specified output level), smart 
network technologies, and increased plant cycling. 

Smart network technologies and advanced network management practices minimize bottlenecks and optimize 
transmission usage. They provide unprecedented, real-time visibility across the energy system. Transmission 
and distribution planners and operators can use this information to employ the most reliable and cost-effective 
flexibility options. They can consider building new generation and transmission alongside other options like 
demand response or bigger balancing areas. 

Forecasting and planning are low-cost ways of accessing system flexibility. System operators increasingly 
require variable renewable energy generators to forecast power output to improve the ability of system 
operators to commit, dispatch resources, deploy reserves, and improve situational awareness.^’ Integrating 
these data, along with wind and solar plant outage data, into market operations helps variable renewable 
energy plants participate in electricity markets. 

Market Signals 

Market signals can enable flexibility. Establishing short-term market products for flexible capacity (e.g., the 
California Independent System Operator (ISO) and Midcontinent ISOs proposed fast-ramping products) 
can also incentivize resources to respond to imbalances over the minutes-to-hours time frame. In market 
structures that more comprehensively value services provided to the grid, demand-side resources and storage 
could provide low-cost grid services, allowing more efficient grid operations and avoiding generation or 
transmission investments.^® Cost savings to the power system attributable to demand response and energy 
storage can be much larger than the revenue they can receive in current market structures.^’ 

Investments in Reliability and Resilience Can Have Multiple Benefits 

North American Electric Reliability Corporation standards (subject to FERC review, approval, and 
independent enforcement authority) require the bulk electric system to withstand certain disruptive events, 
including most single contingencies and some multiple contingencies, with no interruption to transmission 
service or major customer outages. Some outages, or"non-consequential load losses,” are tolerated in the 
case of extreme events, where multiple facilities are taken out of service simultaneously. The North American 
Electric Reliability Corporation requires bulk power system owners and operators to have plans in place to 
contain extreme events to prevent cascading outages to other regions.®® 
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Resilience investments can require a substantial change in physical infrastructure, including building physical 
barriers or moving equipment, building backup systems, building non-wooden or reinforced poles, and 
burying lines underground.^^ Resilience investment also indudes additional operations and maintenance 
activities, which primarily means more thorough tree trimming.*^ 

Many energy sector investments to mitigate climate change can have co-benelits that make the grid 
more resilient to climate change impacts and extreme weather. Investments in energy efficiency, smart 
grid technologies, storage, and distributed generation can also contribute to enhanced resilience from 
environmental threats.^^ For example, DOE-funded demonstrations of distribution automation systems 
enabled a utility to restore power 17 hours faster following an outage, while other utilities have experienced 
marked improvements in outage interruption frequency and duration indices.^'* In addition to providing added 
redundancy, transmission can also provide the operational flexibility to adapt to long-term changes, such as an 
increase in the peak-to-average energy demand and water constraints on energy production.^^ 

Drivers of Change for the Grid of the Future: New Technologies and 
Services 

A second dimension of the emerging architecture for the grid of the future has to do with new or emerging 
technological innovations in grid operations. Many of the characteristics that customers desire in the grid of 
the future — affordability, reliability, sustainability, and an improved customer experience — will be facilitated by 
new technologies. The challenges to speeding the adoption of these technologies include developing network 
designs and open standards so they can communicate and operate seamlessly with other elements of the grid, 
as well as determining the value of the benefits that they bring to customers. 

Innovative Technologies Have Significant Value for the System 

An array of new technologies and data applications are enabling new electricity-related services, customer 
control choices, and investments that hold the promise of greatly improving electric consumer experience, as 
well as promoting a new ecosystem of innovation and revenues beyond the sale of electric kilowatt-hours. 

Distributed generation systems provide consumers a number of benefits. According to a 2007 DOE study, ^ 
these benefits include increased electric system reliability; reduction of peak power requirements; provision of 
ancillary services, including reactive power; improvements in power quality; reductions in land-use effects and 
rights-of-way acquisition costs; and reduction in vulnerability to terrorism and improvements in infrastructure 
resilience. 

A revolution in information and communication technology is changing the nature of the power system. The 
smart grid is designed to monitor, protect, and automatically optimize the operation of its interconnected 
elements, including central and distributed generation; transmission and distribution systems; commercial 
and industrial users; buildings; energy storage; electric vehicles; and thermostats, appliances, and consumer 
devices.^’ Smart grid technologies include a host of new and redesigned technologies, such as phasor 
measurement units or advanced metering infrastructure, that provide benefits such as increased reliability, 
flexibility, and resiliency.^*' 

Within the delivery portion of the electric grid, smart grid technology is enabling sizable improvements in 
distribution and transmission automation. Many of these new technologies are “behind-the-meter,” involving 
end-use management or generation on the consumers’ premises; these end-use technologies are not directly 
germane to this installment of the QER. Nevertheless, as parts of an integrated electricity system, with growing 
effects on TS&D, behind-the-meter technologies do affect and interact with the systems that are the focus 
of this QER. For example, engineers will need to design and install components of the grid, such as safety 
interlocks, since two-way power flow, introduced by distributed generation, may pose a danger to line workers. 
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Emerging technologies on the distribution grid (whether digital communications, sensors, control systems, 
digital “smart” meters, distributed energy resources, greater customer engagement, etc.) present both technical 
and policy challenges and opportunities for the delivery of energy services. Power grids evolved organically in 
a boltom-up manner, as opposed to a centrally coordinated master plan. This build-up has led to large-scale 
legacy investments that require significant operating margins to maintain system stability, as opposed to more 
refined margins enabled by the rapid and precise control offered by new and emerging technologies. 

These changes have injected uncertainties into a utility business model that typically has relied on continued 
load growth, steady economic returns, and long payback horizons.^’ While regulators, utilities, and the Federal 
Government are all engaged in addressing these uncertainties, developing appropriate rate structures for 
the benefits these technologies provide to the customer and the grid can be difficult, resulting in either over- 
investment or under-investment and higher costs to consumers. 

Another key element in the development and use of information technologies on the grid relates to network 
coordination. The grid of the future would benefit from overall network architectures that allow for specific 
grid elements to be aligned in ways that allow them to contribute to solving problems that affect multiple grid 
components. Whole-grid coordination, in which these distributed elements are made to cooperate to solve 
a common problem (i.e., overall grid stability), is a key challenge and opportunity for new information and 
network technologies and approaches. 

There are many other opportunities to infuse advanced technology into key operating elements of the grid. 
Some notable opportunities are shown in Table 3-1. 


Table 3*1 . Examples of Key Technologies for the Grid of the Future^^ 


Grid Component/Opportunity 

Desaiption 

AC/DC power flow controllers/converters 

Technologies that adjust power flow at a more detailed and granular level 
than simple switching. 

Advanced multi-mode optimizing controls 

Controls capable of integrating multiple objectives and operating over longer 
time horizons, to replace simple manual and tuning controls, or controls that 
operate based only on conditions at single points in time. 

Bilaterally fast storage 

Energy storage in which charge and discharge rates are equally fast and thus 
more flexible. 

Control frameworks 

New hybrid centralized/distributed control elements and approaches, 

Management of meta-data, including network 
models 

New tools for obtaining, managing, and distributing grid meta-data, including 
electric network models. 

Synchronized distribution sensing 

Synchronization of measurements in order to provide more accurate snapshots 
of what Is happening on the grid. 

Transactive buildings 

Buildings with controls and interfaces that connect and coordinate with grid 
operations in whole-grid coordination frameworks. 

"X"'to-grid interface and integration 

Interface technologies, tools, and standards for the general connection 
of energy devices to power grids; includes integrated mechanisms for 
coordinating those devices with grid operations in whole-grid coordination 
frameworks. 

Distribution System Operation 

Structure for clear responsibility for distributed reliability. 


Innovation will introduce new grid components that are irweasingly digitized, can provide new services for customers and grid operators, and 
continue to produce and reliably deliver affordable electricity to customers. 
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Communication with Customer Devices Will improve Efficiency and 
Reliability of the Grid 

The evolving role of the modern-day electricity customer is transforming into a more dynamic, transactive role 
in which customers are also becoming participants in electric system operations. Customers can create value 
to the electric system in two ways: as both suppliers of responsive demand and producers of distributed power. 
As suppliers of responsive demand, customers can provide capacity resources to the system that helps maintain 
reliability and affordable prices. As distributed producers of power, customers can provide power that could 
reduce total GHG emissions, increase resilience, and forestall infrastructure investments. 

Three impediments to realizing customer value are related to communications. First, comprehensive 
communication and data standards need to be developed/’ Competing, proprietary systems inhibit 
the adoption of technologies and control strategies and drive up the cost of deployment. Second, there 
is no uniform approach to characterizing the grid services that end-use devices can provide. Third, the 
communication and control interface devices between the customer as a distributed generator and the 
distribution system limit the types of service that the distributed generator can provide. In general, the lack of 
regulatory structures and standards are impeding the full utilization of information technology to enhance the 
efficiency and reliability of the grid. 

Low-cost sensors and controls in buildings, distributed generation, electric vehicle charging, end-use storage, 
and other innovations make it increasingly important to integrate building devices and control systems with 
utility distribution systems to fully enable the development of new value propositions. Customer applications 
in residential and commercial buildings could potentially have economic benefits worth $59 billion (in 2009 
dollars) by 2019, including packages of pricing, in-home displays, smart appliances, and information portals 
that would serve to reduce both energy demand and overall use.'*'* Well-designed control systems also can 
increase building efficiency."” 

Capturing these benefits requires building communication networks, allowing the components to interoperate 
and respond to a facility-wide control. One impediment to fully realizing the benefits of information 
technology is the balkanized structure of regulation. Early information technology adoption was accomplished 
by vertically integrated utilities that used computers as a tool to enhance their ability to perform existing 
functions. New information technology enables new behaviors, market mechanisms, and monitoring and 
operating procedures. While the reliability and efficiency of the system can be improved in the long run, 
these changes pOvSe a threat to the status quo and have potentially significant unintended consequences and 
ambiguous benefits for utilities. As a consequence, there is a general caution associated with the wide-scale 
deployment of new information technology infrastructures and devices. 

Speeding the adoption and accrual of potential benefits will require coordination of open standard 
development and clear business models that enable the benefits to be widely shared. An open standard for 
energy devices would be analogous to the voluntary industry USB standard developed in the mid-1990s, 
which allowed simple plug-and-play between smart phones, tablets, computers, chargers, printers, games, and 
many other peripheral devices. Its existence greatly expanded both the usability and types of all these personal 
electronic devices. Similar standards are emerging but not settled for the much newer set of information 
technology-enabled grid devices, leading to an ongoing lack of interoperability. 
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Implications of Electric Vehicle Penetration for the Grid 


' Satte/y-electric vehides run ofi'e&idty and vrfBdes fun cm a combination of electricity and gasotme. In 

2013, there were about 70,000 batte[y*etectricvet«l»«»d-l94,TOf^jn etectnc vehides—small numbers compared 
to the apprc»(tmate1y 226 million registeredvehictesmd«-tMtedSt^£s.T^O>S,salesofplug-melectricvehldes(PEVs) 
have increased rapidly m recent but still repr^d 6.7pK<ent d i^w-vehide; sales In 2014 (albeit up from . . 

0,6 percent in 2013 and 0.4 percent in 2012). Catifomfe is lwie to^ half of alt of the Nation's PEVs, but only about 5 out 

of every 1,000 registered California vehides are 

:ihere has also been a rapid recent increase In the numbers^ cterg^ statiorts-Ercmi 201 1 to 2014, the numbers of public 
electric vehicle charging oirtfets grew from fewer titan 4,0Wti5tn«e tiian 25 .(KK).''Ai^f{ous business rhodels for deveiopirtg neyy 
: charging stations have em^al, as installation costs can For each infrastructure upgrade, utilities and regulators ^ 

■ ' must assess costs {e.g., jostailat{on} and benefits (e,gii am3ti»y rSef^s). . 

According to the National Academy of Sciences in its 2013 report on electrfc.vehide deployment,' *7heex/sf/ngetorc : - 

infrsstructme does mt present a barrier to the er^ar}S}on Qf PEV. technology, in the iJmteii States given the' projected grmtli of 
^ % the repoit states that account for a more srgo/feanf share of tofa/e/ecto 

dmsmpt^ the committee sees no barriers to promion pf genetahim arid (Sstributm capacity to accommodate the growth 
through themrmai processes dinfrastructure&ipansion and upgraidsm die 
i v lhe Natioiial Academy of Sdeiues concludes that existing generation and tr^ could accommodate 

million to 50 mlItjOT PEVS. However, the report also suggests that if large numbers of PEVswere to be charged at the same time; 

; as residences also see peak load^ there could be potential for overloading elements of the local distribution system and thus^^; ; > 
a freed for local upgrades. Furtoermore, the National Academy of Sciences notes that concentrations of fast-charging stations^ 
dense clustering of private P£V owner charging, or fleet-charging facilities couW require grid upgrade, An assessment pr^ared : 
for the Independent System Operator/Regional Transmission Organization Coundl rioted titat smart grid enhancements could : 
allow eiectric vehicles to provide services to the grid, particularly related to demand response and toad baiartcmg.VFuftherroorer ; 
; smart grid developments could enable a shift in charging to off-peak periods and help avoid additional gerieiatibn requifementlf 
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** Department of Energy, Offic* of Energy Efficiency aj^Keaeii^l^eigy, Alternative Fuds pt^'Cent^. “Alternative Fading 
St»tioi«byI^dTVpefhttoiiS?Wwwjfdc.energy.goii8!ciiti5t^1^@^^^cc^edfantmr^ ‘ 

Rociqr Motmta^ Back the Veil on Costs.** RMl Outiet4f>^29,2QH;.h,ttp;/to1og\Fmt/^^^^^^ 

s orgAilogJJ0t4J)4_29jxJliing_backjhej/eil^f\aeii^:^®5^^fi^tat^ 16,2015. 

Greene, DX. “Alternative 'Rarispom^ Refiiding Irfmthicture in the US. 2®14; Status and Chdlenges.’‘UniverMty of ; ; ^ 

' 'IfcnnesseeKnoxviUe.}^ch-3!,2015.- 

Reswch Council‘'pvcrcommg furriers to Electric-Vdiicle Deplo^nent; Interim ReporL“ 2013, httpj'AwlWV.nap.edU/; 
ctownloadphp?re<:ordJd=s1'832d. 

l®MA andTaraiec Corpofatioit“Assessmeni of Mug-in Hectric Vdtide fet^ration with ISO/RTO Systems." Produced for the v : 
ts6/RlX3 Couhcit\2dl0, Http://vwvvy.rmi.or9i'Content(^les/RTO%20Systems.pdi Acceded January 27, 201 5. ; 

H? : Hadley, S.W. impact of Plug-in Hybrid VdUctw on the EkciricGriX" Ode Ridge National laboratory 2006. http:/Aveb.ornl : 

: 9Ovymfo/ofnlreview/v40_2_0740Q7^lug-inj>aper.pdf; 


In addition to interoperability, safe and improved connectivity is important to the deployment of new 
technologies to the grid. For example, there are voluntary industry standards for the interconnection of 
distributed generation of all types that connect customer-owned generation to the local distribution network. 
The majority of state public utility commissions use a voluntary standard issued in 2003 by the Institute 
of Electrical and Electronics Engineers (IEEE) known as the IEEE 1547 interconnection standards. These 
standards set technical guidelines for the interconnection of distributed resources less than 10 MW in size with 
the electric grid, including requirements relevant to the performance, operation, testing, safety considerations. 
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and maintenance of the interconnection. Ihese standards are now in revision, with a goal of completion by 
2018. Modifications are taking into account impacts on grid reliability; new technologies that offer two-way 
communications and intelligent controls; and dispatchability of some types of distributed generation plus 
extension to demand response, storage, and microgrids. 

Updated standards will both improve grid safety and better use distributed energy resources in maintaining 
overall system reliability. In particular, as large fossil-fueled generators with spinning turbines retire, the system 
is losing the inertia that has helped maintain grid frequency and thus grid reliability. Properly configured with 
appropriate communications, inverters used with distributed generation or storage can provide frequency 
regulation services to the grid to fill this gap. Conversely, improper connections or protocols could lead to 
simultaneous disconnection of all distributed energy resources under particular circumstances. While there is 
an existing process underway to update the IEEE 1547 interconnection standards, finding ways to accelerate 
the update of these standards will provide increased benefits to both customers and the reliability of the 
system. 

Appropriate Valuation of New Services. Technologies, and Energy Efficiency 

ultimately, the electric system exists to serve load — or the demand for electric services — from the residential, 
commercial, industrial, and transportation sectors. There is a suite of services that the grid provides to meet 
real-time changes in load and supply, among other things. A better understanding of the full costs and benefits 
of those services would allow regulators, utilities, and customers to develop more fair and equitable pricing 
structures. 

These services and a range of other important societal goals are enabled by new technologies. Distributed 
energy and smart grid technologies offer the potential to help meet America’s changing energy needs, minimize 
the environmental impact of electricity generation, strengthen economic growth, and improve the reliability 
of the Nations electrical infrastructure. As noted, the full spectrum of existing and emerging technologies 
includes new intelligent grid (smart grid) delivery technologies, energy efficiency, combined heat and power, 
fuel cells, gas turbines, rooftop PV, distributed wind, plug-in hybrid and all-electric vehicles, distributed storage, 
demand response, and transactive building controls. 

At high penetrations, many of these new technologies could challenge current distribution systems and the 
functional integrity of the current electricity system. New investments and changes to existing regulatory, 
policy, financial, and business structures may be necessary to fully realize the benefits of these technologies. 
Regulators and policymakers will need to address the operational issues associated with new technologies, as 
well as longer-term concerns, such as how the loss of revenue (and a utility’s ability to cover fixed costs) and 
load resulting from increasing numbers of some installations of distributed energy resources could challenge 
utilities’ financial health under current business models. 

A key element for addres.sing the operational and business model concerns posed by new technologies centers 
on valuation (i.e.,“What are the benefits of new services and technologies to the grid?” and conversely, “What 
is the cost of the services the grid provides to customers?”). There is no agreement on the answers, though, as 
answers depend on the situation. This issue has been examined in numerous valuation studies in the public 
domain. These studies do not consider the same set of impacts from one study to the next. For example, not all 
studies explicitly consider impacts on transmission and distribution, such as capacity avoidance, grid support 
services, or external impacts like avoided GHGs. The monetized estimates that different studies assign to a 
given service or impact (capacity, energy, system losses) can range by a factor of as much as five or more. 

There currently are no transparent, broadly accepted methods that can be used by stakeholders to determine 
the costs and benefits associated with integrating new services and technologies into the grid.'*® Clearer 
valuation methods would empower legislators and regulators in their efforts to address their local needs as 
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they formulate strategies and plans to provide a portfolio of electricity options that meet their state-specific 
goals for reliable, affordable, and clean electricity. It is also important for policymakers to understand that, as 
they work to value services on both sides of the meter, there is the potential for stranded assets (i.e., assets for 
which investments have been made but cannot be recovered) on both sides; valuation policies must take these 
issues into consideration as well. 

Net Metering 

The challenges associated with integrating new technologies into the current electricity grid system are 
illustrated by the variety of opinions on net metering. Net metering is a system for paying for generation 
located on customer facilities — typically, although not exclusively, small residential solar generators. Currently, 
45 states have Net Energy Metering programs that credit customers in some way for the energy they produce 
onsite.'*^ The most common type of Net Energy Metering customer today owns or leases a rooftop PV system, 
but current regulations often apply to other distributed energy technologies, such as gas-fired turbines and 
combined heat and power. With rapid solar PV market penetration, controversies among utilities, consumer 
groups, solar businesses, and other stakeholders have arisen in several states over how to account for the full 
cost of grid services, placing pressure on legislators and regulators to understand conflicting positions and 
analyses supporting them. 

Valuing Ancillary Services 

Ancillary services are defined by the North American Electric Reliability Corporation as “those services that 
are necessary to support the transmission of capacity and energy from resources to loads while maintaining 
reliable operation of the transmission system in accordance with good utility practice.”'** Types of ancillary 
services include ramping, voltage support, and frequency support, all of which are furnished by a combination 
of generation and transmission facilities. Ultimately, the system operator is responsible for ensuring that there 
are adequate ancillary services at all times to maintain reliability. The ability to provide ancillary services, such 
as frequency support, is changing with the transformation of the electric generation system. As the electric 
system continues to evolve, system planners and grid operators will need to value and integrate the services 
that new technologies can provide to maintain system stability and reliability. New payments, or changes to 
existing payment methods (both to generation owners and to other potential ancillary service providers), may 
be necessary to ensure continued provision of needed ancillary services to maintain grid reliability. 

Consistent Measurement and Evaluation of Energy Efficiency 

The evaluation, measurement, and verification of energy efficiency savings are critical as efficiency becomes 
increasingly important as a mechanism to meet a variety of goals, including reducing the need to build 
additional generation and GHG reduction. Many entities have made progress toward standardizing the 
evaluation of energy efficiency. These methods can help regulators understand the opportunities energy 
efficiency creates for infrastructure avoidance. 

Ratepayer-funded efficiency programs run by utilities and third parties, energy service companies’ projects, 
codes and standards, and other efficiency programs have achieved significant energy savings over the last three 
decades."** These programs have developed in different ways across the country, along with some state variation 
in protocols and procedures for measuring and verifying savings. While inconsistencies can complicate efforts 
to compare measured savings across jurisdictions, a number of important standardization efforts have emerged 
in recent years at the state and regional levels that have started to address these issues. These include efforts 
led by the Northwest Regional Technical Forum and the Northeast Energy Efficiency Partnership that include 
development of regional databases of energy savings. Building on this momentum, DOE’s voluntary Uniform 
Methods Project for Determining Energy Efficiency Program Savings has convened policy stakeholders and 
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technical experts to develop a set of protocols for determining savings from energy efficiency measures and 
programs. Over the last 2 years, the Uniform Methods Project has issued more than 20 protocols for common 
residential, commercial, and crosscutting energy efficiency measures. The Energy Information Administration 
has also tracked energy efficiency program evaluations. 

Drivers of Change for the Grid of the Future; Institutions and Utility 
Business Models 

A third dimension of the architecture for the grid of the future encompasses all the actors involved in 
managing the grid, including in industry and regulatory bodies (at ail levels of government). These businesses 
and institutions shape the operation, management, and regulation of the grid. Incorporation of the new 
technologies and services will require an evolution in these businesses and institutions. 

States Are the Test Beds for the Evolution of the Grid of the Future 

States have the primary role in regulating the retail provision of electricity (see Figure 3-5), as well as the siting 
of transmission and generation. Due to this primacy, states are at the forefront of managing the transition to 
the grid of the future. Historically, states have been the laboratories for developing policies that reflect their 
individual and regional situations, and in the electricity sector, state policies reflect differences in resource mix, 
priorities, geography, economies, and even culture. 


Figure 3-5. Different State Approaches to Energy Efficiency*® 



Thirty-six states have adopted regulatory approaches to promote utiBty investment in energy efficiency: decoupling, lost-revenue adjust mechanisms 
("LRAM"), or performance incentives. 
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As the complexity of the grid increases, states are working to develop policies that incorporate new services 
and technologies in a manner that maintains affordability and reliability. The unique circumstances of each 
state have resulted in a diverse set of responses across a range of issues confronting the electricity sector. For 
example, many states have adopted policies to support utility investments in energy efficiency. There are at least 
three different regulatory approaches being used: decoupling, lost revenue adjustment mechanism, and a broad 
set of methods to allow performance incentives (see Figure 3-5). These efforts create a regulatory model that 
rewards utility shareholders for effective energy efficiency efforts that lower ratepayer bills in the long term. 
Another example of state innovation is the cost-allocation scheme member states in the Midcontinent ISO 
and Southwest Power Pool negotiated among themselves for the funding of large region-wide transmission 
upgrades for each of their regions, which was then approved by FERC.^'-^^ 

Different Industry Structures and Business Models Rule Out 
"One-SIze-Fits-AII" Solutions to Challenges 

The grid is financed, planned, and operated by numerous entities that cross states, regions, and countries. It 
provides valuable services and includes a variety of industry types and a range of business models that often 
reflect regional differences in resource mix. 

Policies designed to provide consumers with affordable and reliable electricity in the future must take into 
account the variety of business models for investing, owning, and operating grid infrastructure. The nature of 
the entities that comprise the grid has changed and will continue to do so. The earliest model of electric service 
delivery was the investor-owned, vertically integrated utility, namely the Edison Illuminating Company that 
used the New York City Pearl Street Station generator in 1882 to begin serving customers. Following, in the late 
1880s and 1890s, was the establishment of public power utilities, which were also vertically integrated, in small 
towns to also serve local loads with generation. Now, as shown in Table 3-2, the basic functions of the vertically 
integrated utility are performed by a wide variety of entities with different ownership structures, pursuing 
different functions. 

The variety of ownership and scope of the entities that comprise the grid leads to a complex set of motivations 
and decision drivers. The reliable operation of the grid is a testament to the integration of these different 
interests. There are five different predominant ownership types: (1) investor owned; (2) cooperatively owned, 
owned by their member customers; (3) publicly owned, such as by municipalities, states, public utility districts, 
and irrigation districts; (4) Federally owned; and (5) merchant companies that are competitive entities in 
generation, transmission, or retail supply. 
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Table 3-2. Taxonomy of Utility Business Models (examples, ownership, and scope)^^ 



State-Regulated 

lOUs 

Cooperatively 

Owned 

Publicly Owned 

Federally Owned 

Merchant 

Vertically Integrated 
(T,D.G)* 

Oklahoma Gas & 
Electric 

None 

Los Angeles Dept, 
of Water & Power 

None 

None 

Transmission and 
Distribution 

Pepco 

Southern Maryland 
Electric COOP 
(SMECO) 

Clallam County 
Public Utility 

District 

None 

None 

Generation and 
Transmission 

None 

Basin Electric G&T 

New York Power 
Authority 

Tennessee Valley 
Authority 

LS Power 

Generation and 
Distribution 

DTE Energy; 
Consumers Energy 

Fox Island (ME) 
Electric 

Lansing (Ml) Board 
of Water & Light 

None 

NRG 

Transmission 

None 

Upper Missouri 
Power Cooperative 

Transmission 

Agency of 

Northern Calif. 

Western Area Power 
Adminstration, 
Bonneville Power 
Administration, 
Southwestern Power 
Administration 

ITC; Hudson 
Transmission; 
Transource 

Energy; Clean 

Lines Energy 

Partners 

Distribution 

Mt. Carmel Public 
Utility Co. 

Kenergy 

Nashville Electric 
Service 

None 

None 

Generation 

None 

Oglethorpe Power 
Corporation 

Wyoming 

Municipal Power 
Agency 

Bureau of Reclamation 

Calpine; BP 

Energy; Tenaska; 


* (T,D,G= Transmission, Distribution, and Generation) 

There is a diversity of ownership structures in the U.S. elearicity sector. Such diversity often precludes one-size-fits-ali policies. 


Although all utilities may invest in demand response and energy efficiency, each ownership pattern engenders 
different interests in performance of service, investment, and market structure. For example, cooperatives have 
been innovative in their use of direct load control to modify peak load conditions, while publicly owned 
utilities have been leaders in energy efficiency.®^ Because investor-owned utilities earn a return on capital 
expenses, and without special incentives, do not earn a return on cost-saving operational expenses, this class of 
utilities tends to lead in the development of new service through capital-intensive assets. 

Investor-owned companies have fiduciary obligations to increase shareholder value. Regulated entities that 
earn profit based upon a return on invested capital lack a strong incentive (absent explicit requirements and 
incentives) to invest in energy efficiency practices. In contrast, public power and cooperative utilities are 
motivated to keep customers’ bills down and, as such, can optimize the provision of service by using both 
capital-intensive options and less capital-intensive alternatives (e.g., energy efficiency). 

Merchant generators whose profits are the residual revenues after expenses are paid (including return on 
capital) are motivated to maximize revenue. The Federal Power Marketing Administrations, such as the 
Western Area Power Administration and the Bonneville Power Administration, must follow the dictates of 
their statutory authorities. The balancing authorities, some of which are Regional Transmission Organizations 
or ISOs, in turn, are concerned about maintaining reliability while operating the bulk powder system. 
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Chapter HI: Modernizing the Elearic Grid 


Fragmented and Overlapping Jurisdictions Threaten to Impede Development 
of the Grid of the Future 

Federal, regional, and state institutions and regulatory structures that have evolved over decades to manage the 
electric grid are increasingly interacting and overlapping. The geographical boundaries of the institutions are 
not coincident with the flow of electrons on the physical system. The increasing physical complexity of the grid 
will only complicate governance and analysis. Policymaking to address regulatory and operational challenges 
of the evolving grid is more difficult because models used to analyze the physical flows of electricity do not 
align with the institutional and regulatory structures {see Figure 3-6). 

The current Federal-state regulatory boundary dates back to the 1930s, when the Federal Power Act 
substantially expanded the responsibilities of the Federal Power Commission (the predecessor to FERC) 
and created Federal oversight of wholesale sales of electricity and of transmission of electricity in interstate 
commerce, as well as state oversight of retail sales and distribution of electricity. In recent decades, organized 
wholesale markets have spread geographically and incorporated a greater variety of products with a broader 
set of market participants. This trend — coupled with the increased ability of end-use consumers to supply 
distributed generation, demand response, and other services— has and will continue to raise questions about 
the dividing line between state and Federal Jurisdiction.^ 

This threatens to impede the development of markets that efficiently integrate both utility-scale and small-scale 
participants. While FERC and the National Association of Regulatory Utility Commissioners have engaged 
in a collaborative dialogue on a range of topics (smart grid, demand response, enforcement, and others) 
since 2006,^^ Federal and state regulators should seek new ways to coordinate goals across their respective 
jurisdictions, without which the Nation will not be able to take full advantage of the efficiencies offered by 
emerging technologies and the grid of the future.^ 
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MERC Regional Entities 
and Balancing Authorities 


SSRC 

ICC 


Dynamically Controlled 
Generation 

Bubble size is determined hy 
acronym width 


Federally Regulated 
l^wer Lines 


Regional transmission 
Organizations (RTOs)/!ndependent 
System Operators (ISOs) 



Albcrw EteOfic^ 
Sys^ Operssof 


'New Yorffr*'" 

. ISO ^ 


P}M 

intefcnmwdian 


Transmission lines, which are regulated at the Federal level, cross state boundaries and connea the regional organizations that manage and operate 
the bulk power electricity grid. In contrast, states regulate the distribution of eiearidty to end-use customers for entities under their jurisdiction, as 
well as the Siting of transmission on non-Federai lands. Furtfier, in most states, local appoints! or elected governing boards handle the regulation 
of distribution for their publicly or cooperatively owned electric utility. Ibis diversity of institutions and differences in jurisdictional boundaries create 
challenges in grid governance (given that changing the grid in one location can alter eiearklty dynamics over a large area). 
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Chapter IN: Wodernizirig the Electric Grid 


Policy Framework for the Grid of the Future 

The transition from todays existing grid to the grid of the future will be challenging. The electric grid is highly 
complex, has significant regional variability, and diould be managed to accommodate a range of possible 
futures. The vision of the future electric grid described earlier in this chapter was developed after a year-long 
QER process of analyses and stakeholder engagement. The recommendations that follow are guided by five key 
policy principles that emerged from this work. 

• The future grid should encourage and enable energy efficiency and demand response to cost effectively 
displace new and existing electric supply infrastructure, whether centralized or distributed. The 
policies, financial tools, and pricing signals that enable customers to save money and energy while 
enhancing economic growth should be preserved and strengthened as business models evolve. 

• The future grid should provide balanced support for both decentralized power sources and the central 
grid. As the costs of decentralized power sources and storage continue to fall, there will be increased 
opportunities for end users to partially or completely supply their own electricity. At the same time, the 
vast majority of American homes and businesses will continue to rely on the power grid for some or 
all of their electricity. It is essential, then, that investment in both centralized and decentralized systems 
occur in a balanced manner, preserving high-quality service for all Americans while simultaneously 
enabling new options and services that may reduce energy costs or climate impacts. Similarly, access 

to renewable energy, energy efficiency improvements, and new energy-related services should not be 
limited to isolated customer groups, but rather become an integral part of the universal service that 
both decentralized and centralized grid customers enjoy. 

• In the future grid, new business and regulatory models must respect the great regional diversity in 
power systems across the United States, as well as the critical roles played by state, local, tribal, and 
regional authorities, including state public service commissions and regional grid operators. The 
drivers of change in the power system cut across the traditional boundaries of state and Federal 
regulation and thereby introduce new challenges in designing and overseeing new business and 
regulatory models. An unprecedented amount of consultation and collaboration will be necessary to 
ensure that national objectives are met alongside complementary state policies in power systems that 
are inherently regional in their scope and technology. 

• Planning for the future grid must recognize the importance of the transmission and distribution 
systems in linking central station generation — which will remain an essential part of the US. energy 
.supply for many years to come — to electricity consumers. Transmission and generation both benefit 
from joint, coordinated planning. Transmission can allow distant generation — where there may be 
excess capacity — to supplement local supply and avoid the need to build new plants. New generation 
sometimes requires new transmission, especially remotely sited renewables or new nuclear plants. 
Utility and Regional Transmission Organization planning processes and tools should continue to 
evolve to evaluate transmission, generation (both central and distributed), and demand-side resources 
holistically. 

• Finally, the careful combination of markets, pricing, and regulation will undoubtedly be necessary in 
all business and regulatory models of the future grid. While the precise nature and scope of the market 
structures in the future grid may vary considerably, there is little doubt that markets in one form or 
another will be an important means of providing access to new technologies and services. Even in 
settings where prices are regulated, novel approaches can allow beneficial new pricing and service 
structures. Moreover, both new and traditional financing options provided by capital markets will be 
an important element in the future industry landscape. 
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QER Recommendations 


The Administration and Congress should support or incentivize investment in electricity infrastructure 
reliability, resilience, and affordability through the development of tools, methods, and new funding for 
planning and operating the grid of the future. Accordingly, we recommend the following: 

Provide grid modernization research and development, analysis, and institutional support: 

A modernized 21st century grid will require a governing framework that values and optimizes the benefits 
from new technologies and services, as well as a physical infrastructure that maintains reliability, resilience 
to disruption, cost effectiveness, and flexibility to adapt to these changes. Early and strategic investments by 
DOE in foundational technology development, enhanced security capabilities, and institutional support 
and stakeholder engagement provide decision makers with a common set of tools that balances electric 
industry and consumer interests. Though small relative to the size of the industry, DOEs investment is 
significant compared to utilities’ limited spending on innovation, which stems fix)m an investor-owned 
business model where profits are based on return on capital expenditures, as well as public- and consumer- 
ovmed power’s requirement for lowest feasible rates. The President’s Fiscal Year 2016 Budget requests $356 
million for DOE’s Grid Modernization Initiative. 

To reflect the rapidly shifting grid landscape, DOE should continue to pursue a multi-year, 
collaborative, and cost-shared research and development, analysis, and technical assistance program: 

• Technology innovation resulting from research and development coordinated among DOE 
offices, creating new tools and technologies in areas such as the following: 

® Design and planning tools to model emerging needs 
« System control and power flow to optimize for new grid capabilities 
o Grid sensing and measurements for determining changes in variable generation markets 
and infrastructure conditions 

" Devices and integrated systems testing for evaluation and validation of new technologies 
in a systems context 

= Grid security and resilience efforts to protect, prevent, analyze, and respond to threats by 
developing physical and cybersecurity technology and standards 
® Risk management, including integrated demonstration of promising new technologies 
with new institutional approaches. 

• Institutional support and alignment, including analyses, workshops, and dialogues to highlight 
key policy and market challenges and options for grid transformation. 

The cost of this program is estimated to be $3.5 billion over 10 years. 

Establish a framework and strategy for storage and flexibility: Energy storage is a key functionality 
that can provide flexibility, but there is little information on benefits and costs of storage deployment at 
the state and regional levels, and there is no broadly accepted framework for evaluation of benefits below 
the bulk system level. DOE should conduct regional and state analyses of storage deployment to produce 
a strategy for flexibility and stor^e. The strategy will integrate the findings from these analyses and make 
them easy for all types of stakeholders, including regional and state leaders, to understand and implement 
where appropriate. It will also establish a common framework for exploring means, methods, and 
technologies that can enhance grid flexibility, regionally, in states, and load-serving entities. 
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Chapter til: Modernizing the Electric Grid 


QER Recommendations (continued) 


1 The national energy system storage strategy will address a suite of approaches that enable flexibility, 

I including integrated planning methods, system operations and markets, demand and storage, 

conventional and variable renewable generation, and interconnected transmission networks. 

Conduct a national review of transmission plans and assess barriers to their implementation: 

Transmission is critical both to ensuring reliability, as well as to connecting generation to load. 

While DOE has funded interconnection-level analyses of transmission needs and specific studies of 
transmission needs for renewable generation, a more detailed and comprehensive national review of 
transmission plans is warranted. DOE should carry out such a review to include assessments on the 
types of transmission projects proposed and implemented, current and future costs, consideration of 
interregional coordination, and other factors. Synthesizing this information at a national level would 
better inform and guide the development of transmission, including opportunities for additional 
I regional or interregional coordination. In conjunction with such a review, it will be critical to assess 

incentives and impediments to the development of new transmission. Such an assessment should 
include a review of existing Federal incentives, implementation of Section 1222 of the Energy 
Policy Act of 2005 to enable third-party transmission projects partnered with the DOE Western 
and Southwestern Power Administrations, implementation of the $3.25 billion Western Area Power 
Administration Transmission Infrastructure Program, siting constraints, and other incentives and 
f impediments that may exist at both the national and local levels. 

I Provide state financial assistance to promote and integrate TS&D infrastructure investment 

plans for electricity reliability, affordability, efficiency, lower carbon generation, and 
environmental protection with a focus on regional coordination: States are the test beds for 
the evolution of the electric power system. DOE should provide competitive funding for states to 
promote and integrate TS&D infrastructure investment plans for electricity reliability, affordability, 
efficiency, lower carbon generation, and environmental protection (including climate mitigation). 

• As described in this chapter, states can play an important role in promoting grid reliability 
as new technologies, including distributed generation, are added to the grid, and consumers 
demand more services from the electric power system. The increasing interdependency of 
natural gas and electricity systems creates additional planning requirements, as does climate 
change and extreme weather events. 

• States have historically established separate agencies for reliability and environmental 
regulation of the electric power sector that operate independently of each other. The actions 
required to meet the goals of an affordable, resilient, reliable, and cleaner electricity sector are, 
however, becoming increasingly interdependent. States can provide innovative ways to address 
new trends that allow the electric sector to reliably provide services that meet environmental, 
resilience, and efficiency goals. In making awards under this program, DOE should require 
cooperation within the planning process of energy offices, public utility commissions, and 
environmental regulators within each state; with their counterparts in other states; and 

with infrastructure owners and operators and other entities responsible for maintaining the 
reliability of the bulk power system. 

The estimated support for this program is about $300 million to $350 million over 5 years. 


3<26 


QER Report; Energy Transmission, Storage, and Distribution Infrasmicture | Aptfil 2015 


221 


QER Recommendations (continued) 


Coordinate goals across jurisdictions: Tedinology is indifferent to State-Federal boundaries 
and jurisdictions; technology users cannot be. Both Federal and state governments need to play 
constructive and collaborative roles in the future to ensure that consumers and industry are able to 
maximize the value of new technologies to enhance resilience and reliability and mitigate climate 
change. While the notions of retail versus wholesale have, in some respects, become blurred, the 
states still have a strong and important role in electricity regulation. The variety and strength of 
state policies on energy efficiency, storage, renewable energy, smart grid, and even GHG regulation 
demonstrates the undiminished importance of the power sector to state leaders, notwithstanding 
technological change. At the same time, portions of the electric power sector have an important role 
to play in impro\ing the efficiency of the wholesale markets overseen by FERC at the Federal level. 
DOE should play a convening role to bring together public utility commissioners, legislators, and 
other stakeholders at the Federal, state, and tribal levels to explore approaches to integrate markets, 
while respecting jurisdictional lines, but allowing for the coordination of goals across those lines. 

Value new services and technologies: Efficient characterization and valuation of services provided 
to the grid by existing and new technologies is important for maintaining reliability and affordability 
of the rapidly evolving electricity system and providing clear price signals to consumers. Existing 
methods for establishing values and rates should appropriately compensate new technologies, with 
the potential to more effectively provide grid services reliably, affordably, and in compliance with 
environmental regulations. The Federal Government can play a role in developing frameworks to 
value grid services and approaches to incorporate value into grid operations and planning. 


5 


• DOE should also work with stakeholders to develop a framework(s) for identifying attributes 
of services provided to the grid by electricity system components, as well as approaches to 
incorporate the valuation of grid service attributes in different regulatory contexts (e.g., 
pricing or incorporation in planning processes). 


1 


The convening efforts recommended here will build on past DOE workshops on the value of 
storage and distributed energy resources (discussed in Chapter X, Analytical and Stakeholder 
Process). The frameworks developed through this process could be used by FERC, state public 
utility commissions in ratemaking proceedings. Regional Transmission Organizations in their 
market rule development, or utilities in the operation and planning of their systems. 


DOE should convene stakeholders to define the characteristics of a reliable, affordable, and 
environmentally sustainable electricity system and create approaches for developing pricing 
mechanisms for those characteristics. 

The ability of distinct grid components to provide grid services should be evaluated, and 
options for increasing the viability of components to provide grid services should be 
reviewed— this would allow market operators and relators to have a more complete 
understanding of the range of technologies and strategies that can provide grid services. 
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Chapter lil: Modernizing the Eiectric Grid 


QER Recommendations (continued) 


Improve grid communication through standards and interoperability: A plethora of both 
consumer-level and grid-level devices are either in the market, under development, or at the 
conceptual stage. When tied together through the information technology that is increasingly 
being deployed on electric utilities’ distribution grids, they can be an important enabling part of 
the emerging grid of the future. However, what is missing is the ability for all of these devices to 
coordinate and communicate their operations with the grid, and among themselves, in a common 
language— an open standard. One analogy is the voluntary industry USB standard developed in the 
mid-1990s that allows simple plug-and-play between smart phones, tablets, computers, chargers, 
printers, games, and many other peripheral devices, and whose existence has greatly expanded 
both the usability and types of all these personal electronic devices. Similar standards are emerging 
but not settled for the much newer set of information technology-enabled grid devices (i.e., a lack 
of interoperability exists). The Department of Commerce’s National Institute of Standards and 
Technology (NIST) was very active in working with industry and other interested parties to develop 
several generations of voluntary standards to bring interoperability to grid-connected devices. 
NIST’s efforts have now transitioned to the industry-based Smart Grid Interoperability Panel. DOE 
is supporting efforts by IEEE to develop next-generation standards for inverters used by distributed 
generation. While the Federal Government lacks authority to mandate standards in these areas, 
it can take additional steps. In conjunction with NIST and other Federal agencies, DOE should 
work with industry, IEEE, state ofhciais, and other interested parties to identify additional efforts 
the Federal Government can take to better promote open standards that enhance connectivity and 
interoperability on the electric grid. 


Establish uniform methods for monitoring and verifying energy efficiency: The measurement 
and verification of energy efficiency savings will be increasingly important as efficiency continues 
to become not just a source of revenue, but a mechanism by which the utility can meet its GHG 
reduction goals. Regulators need ways to understand, validate, and value savings from energy 
efficiency practices, including understanding the value of infrastructure avoidance as a result 
of efficiency investments. Through its Uniform Methods Project, DOE should accelerate the 
development of uniform methods for measuring energy savings and promote adoption of these 
methods in public and private efficiency programs. 
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RECOMMENDATIONS IN BRIEF: 
Modernizing the Electric Grid 


Provide grid modernization research and development analysis; and institutional support. The Departmerit of 
Energy (DOE) should continue to pursue a mulS-yeac toteborative. and cost-shared research and development, analysis, and 
technical assistance progratn for teehtrology irmaitipn drat suppor& t^M operations, seoirity, and management, as well as for 
analyses, wortehops, and dialogues to highii^ls^tppportuniliesamdrttialtenges for technology to transform the grid. 
Establish a framework and strategy for storage and grid flexibility. OOE should conduct regional and state analyses of 
storage deployment to produce a common framework for the evataadon of benefits of swage and grid flexibility, and a strategy 
for enabling grid flexibility and storage that can be understoodaitd inpleimMed by a wide range of stakeholdeis. ’ 

Conduct a national review of transmission plans and assess barriers to their implementation. DOE should 
out a detailed and comprehensive national review of transmfesfon pbr^ including assessments on the types of transmission 
projects proposed and impiemented, current and future costs, consideraliot) of irrterregional coordination, and other factors. A 
critical part of this review should be to assess incentives and impediment to the development of new transmission 
Provide state financial assistance to promote and integrate transmission, storage, and distribution 
infrastructure investment pians for electricity reliability, affordability, efficiency, lower carbon generation, 
and environmental protection, in making awards under this program, DOE should require cooperation within the planning sf 
process of energy offices, public utility commissions, and environmental regulators within each state; with their counterparts in 
Other states; and with infrastructure owners and operators and other entities responsible for maintaining, the retlabiiity ol 
bulk power system. 

Coordinate goals across Jurisdictions. DOE shouid play a convening role to bring.together public utility eommissioners, 

legislators, and other stakeholders at the Federal, state, and tribal levels to explore approaches to integrate markets, while 

respecting jurisdictional lines, hut allowing for the coordination of goals aaoss tfiose toes. 

Value new services and technologies. OOE should play a role in developing frameworks to value grid services and 
approaches to incorporate value into grid operations and planning. It should convene stakeholders to define the characterisScs 
of a reliable, affordable, and environmentally sustainable electricity system and create approaches for developing pricing 
mechanisms for those characteristics. The goal should be to develop frameworks that could be used by the federal Energy . 
Regulatory Commission, state public utility commissions in ratemaking proceedings, RegionalTransmlssioti Organizations in their 
market rule developroent, or utilities in the operation and planning of their systems. 

Iiyipyove grid communication through standards and hitcf^ability. In conjunaion with the National institute of 
Standards and Technology and other Federal agencies, DOE shotidwork with industry, the Institute of Electrical and Electronics 
Engineers, state officials, and other interested parties to tdent^i^onal efforts the Federal Government can fake to better 
pfoaote open standards that enhance connectivity and interoped^i^ on the electi ic grid. 

Establish uniform methods for monitoring and verifying eijeigy efficiency. Through its Uniform Methods Project, DOT 
should accelerate the development of uniform methods for meastiiSiganwgy savings and promote widespread adopfion tif these - 
methods in public and private efficiency programs. ' 
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Chapter ill: Modernizing the Electric Grid 
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Chapter IV 

MODERNIZING U.S. ENERGY 
SECURITY INFRASTRUCTURES 
IN A CHANGING GLOBAL 
MARKETPLACE 


This chapter addresses the role of infrastructure in ensuring U.S. energy security 
in a global marketplace. It first describes the evolution of the concept of U.S. 
energy security in response to interconnected global energy markets. It then 
discusses the security benefits of both increased domestic production and 
increasingly efficient use of energy. The chapter then examines four sets of 
infrastructures and provides associated recommendations at the end of each 
discussion. First, it looks at modernizing the Strategic Petroleum Resen/e (SPR), 
analyzing both its physicai facilities and the legal authorities governing its use. 
Second, the chapter examines changes affecting infrastructures for delivering 
propane and alternative fuels — ^two important contributors to a diverse U.S. 
energy supply. Third, it looks at the need to reinvigorate the U.S.-flagged 
shipbuilding industry, given the importance of marine transport of energy 
commodities to U.S. security. The chapter concludes with a discussion of the U.S. 
energy infrastructures that are shared with Canada and Mexico. This discussion 
is related to the broader issues of North American energy market integration 
that are covered in Chapter VI (Integrating North American Energy Markets). 
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' FINDINGS IN BRIEF; 

Modernizing U.S. Energy Security Infrastructures in a Changing Global Marketplace 

Multiple factors affect U.S. energy securi^.T))ese«tduife U,S 0lt tf6mand;.ttie level of oil imports; the adequacy of 
emergency response systems; fuel inventory lev^; faet subsMuttoi capacity, energy system resilience; and the flexibility, ■ 
transparency, and competitiveness of global energy maitets. , -r, ' 

The United States has achieved unprecedented oil and gas production growth. Oil production growth has enabled 
the United States to aa as a stabilizing factor m the world rtaitet by offsetting large sustained supply outages in the Middle 
East and North Africa and, later, contributing to a aip^sufpte that has reduced oil prices to levels not seen since March 
2009. The natural gas outlook also has changed tremendajs^, Just lOyears ag<t h.was projected that the United States 
would become high^ dependent on liquefied natural gas Snpote, whereas the current outlook projects that the United States 
witi have enormous capacity and reserves and could become a major liquefied natumi gas exporter. 

The United States is the world's largest producer of petroleum and natural gas. Combined with new clean energy 
technologies and improved fuel efficiency, U.S. ener® security is stronger than it has been for over half a century. Nonetheless, 
challenges remain in maximizing the energy security benefits of out resources in ways that enhance our competitiveness and 
:sfs 

The network of oil distribution ("the midstream") has changed significantly. Product that had historically flowed 
pipelines from south to north now moves from north to south, and multiple midstream modes (pipeBnes, rail, ends « 
barges) are moving oil from new producing regions to refineries throughout the United States, 

The Strategic Petroleum Reserve's ability to offset future energy supply disruptions has been adversely 
affected by domestic and global oil market developments coupled with the need for upgrades. Changes in the 
U.5, midstream (for example, competing commercial demands and pipeline reversals) and lower U,S. dependence on imported 
oil have created challenges to effectively distributing oil from the resenie. This diminishes the apacity of the Strategic 
5 : ;ss;c the U.S. economy from severe economic harm in the event of a globat supply emergency and Sfi 

Increasing domestic oil production has focused attention on U.S. oil export laws established in the aftermath 

lTS;S|:i^,j^p;y;9y3-l9^^rab,pi|Jmbargo. There are now concerns that the US. oil slate mayheT0®ji9ht:fpt;USa-teilnerieSi;s5; 
. ahhougit, recent pgraiirifent of Commerce determinations that liquid hydrocarbons, after they have been piwssed throii^ , , 
a cnide oil distiitation tower, are petroleum products, and therefore eligible for export, wilt help avoid adverse production 
ipllf’iltnpaets."'' i' '' 

An extensive network of pipelines, electric transmission lines, roads, rail, inland waterways, and ports link 
the United States with Mexico and Canada. These systems not only provide economic value to ail three nations, but ^o 
lllgienhance continental energy securiiy and irnprove system reliability. 

Biofuel production in the United States has increased rapidly over the last decade, enhancing energy security 
and reducing greenhouse gases from transportation. This growth has been driven in part by the Renewable Fuel , , , 
Ethanol now displaces approximately 10 percent of U.S. gasoline demand by volume; biodiesel, advanced 
‘ celulosic biofuel production volumes have also been growing. Continued growth in ethanol use will depend in part onisisas ® 
: vus investment in additional distribution capacity; growth in the use of other biofuels, such as ''drop-in" faBts, ;witl depend oijs: Si ;v: 
a«ias;:; continued irrvestmentiri research, deyeloprnentdetriotistradon, and deptoyrnent: llBil 
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A Broad and Collective View of Energy Security 

Until recently, the concept of energy security has focused on“oU security” as a proxy for “energy security.” It is 
clear, however, that energy security needs to be more broadly defined to cover not only oil, but other sources of 
supply, and to be based not only on the ability to withstand shocks, but also to be able to recover quickly from 
any shocks that do occur. In addition, security is not exclusively domestic; it is dependent on interactions in 
the interconnected global energy market. 

Acknowledging the need for a modern and collective definition of energy security, last May in Rome the G-7^ 
Energy Ministers adopted a set of seven core principles for energy security,' several of which are particularly 
relevant to energy infrastructures: 

• Development of flexible, transparent, and competitive energy markets, including natural gas markets. 

• Diversification of energy fuels, sources, and routes and encouragement of indigenous sources of 
energy supply. 

• Reducing our greenhouse gas emissions and accelerating the transition to a low-carbon economy as a 
key contribution to enduring energy security, 

• Enhancing energy efficiency in demand and supply and demand response management. 

• Promoting deployment of clean and sustainable energy technologies and continued investment in 
research and innovation. 

• Improving energy systems resilience by promoting infrastructure modernization and supply and 
demand policies that help withstand systemic shocks. 

• Putting in place emergency response systems, including reserves and fuel substitution for importing 
countries, in case of major energy disruptions. 

U.S. energy security and the infrastructures that support it, both physical and geopolitical, should be viewed 
in the context of this new, broader, more collective definition of energy security. This chapter — and the 
Quadrennial Energy Review (QER) more widely — addresses each of these elements. Chapter II (Increasing 
the Resilience, Reliability, Safety, and Asset Security of TS&D Infrastructure) considers various actions that 
the government and private sector can take to promote a more rapid and effective response to energy shocks, 
including those from weather, supply disruptions, and physical attacks. This chapter, as well as Chapter VI 
(Integrating North American Energy Markets), speaks to the increasing diversification of U.S. energy supply, 
with safe, secure, and economically efficient energy coming from Canada and Mexico through pipelines, over 
interconnected transmission networks, and via barge and tanker. The discussions in Chapter V (Improving 
Shared Transport Infrastructures) address issues related to the diversification of fuel supplies and routes, avS 
well as the dynamics of better managing the distribution of the increasing production of domestic energy 
supplies. 

Energy security issues need to be considered in light of future supply growth projections, fuel switching, 
shifting consumption patterns, and their implications for both U.S. and world energy security. Irrespective 
of the recent global crude oil price drop, near-term projections from the Energy Information Administration 
(EIA) and other expert energy market forecasters indicate global supply growth will continue for some time 
and that potential oil price recovery — when and by how much— remains uncertain for the foreseeable future. 

Finally, the discussion of energy security would not be complete without addressing the demand side. 

While issues of energy conservation, energy efficiency, and demand reduction are largely out of scope for 
this installment of the QER, they are nonetheless relevant for energy security. Figure 4-1 shows U.S. energy 

“ The G-7 countries include the United States, Canada, France, Germany. Italy, Japan, and the United Kingdom. 
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demand as projected by EIA through 2040. These projections indicate that U.S. liquid fuel demand is expected 
to grow through 2018 and then begin a slow decline for the remainder of the period. In contrast, EIA projects 
a steady growth through the projection period for both electricity and natural gas. However, it should be 
noted that EIA’s projections do not consider regulations that are not yet finalized. Thus, EIA projections do not 
account for electricity supply and demand changes likely to occur from implementation of the Environmental 
Protection Agency’s “Clean Power Plan,” because it has not yet been finalized. Should demand decline in any 
of these sectors (particularly, if the infrastructure and resources remained in place to manage higher levels of 
supply), the energy systems ability to withstand supply disruption would increase. Of course, over the longer 
term, it is to be expected that a new equilibrium would be reached, and supplies and demand would again be 
in balance, suggesting that supply disruptions could still create insecurities in the energy system even with 
lower overall levels of energy flows. 

Figure 4>1. Trends in U.S. Use of Petroleum, Natural Gas, and Electricity, 201 1-2040^ 
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EIA projections indicate that through 2040, natural gas and electric power demand will steadily increase, while liquid fuels demand will increase 
until 201 8 and then slightly decline Through 2040. 

U.S. Energy Security, Changed Production Profile, and 
Infrastructure Needs 

As discussed in Chapter I (Introduction), there have been striking changes in U.S. oil production over 
the last 5 years, as well as changes in supplies of natural gas, natural gas liquids (NGL), and biofuels. The 
unprecedented oil and gas production growth in the United States has made it the world’s largest producer 
of combined petroleum and natural gas. Growth in oil production has enabled the United States to act as 
a stabilizing factor in the world market by offsetting large sustained supply outages in the Middle East and 
North Africa and, more recently, contributing to a supply surplus that has reduced oil prices to levels not 
seen since March 2009.^ The natural gas outlook also has significantly changed. Just 10 years ago, the United 
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States was forecast to become highly dependent on liquefied natural gas imports; however, the current outlook 
projects that the United States will have enormous capacity and will likely become a major liquefied natural gas 
exporter,”* Combined with new clean energy technologies and improved fuel efficiency, U.S. energy security is 
stronger than it has been for over half a century. 

This production of oil and natural gas is occurring in new locations often removed from areas of historical 
production. As a consequence, the flow of both raw energy commodities and their refined products is 
changing, placing demands on the infrastructure that moves them to intermediate users and consumers. 

Historically, oil and oil products in the United States have tended to flow from south to north to inland 
refineries. Now, this generally has been reversed, with oil from the Bakken field in North Dakota and Montana 
moving from the north toward the Gulf of Mexico, as well as to East and West Coast refineries. Significant new 
quantities of crude oil from the Eagle Ford and Permian shale basins also are moving to Gulf Coast refineries. 
To accommodate these changes in the volume and geography of US. crude oil production, there have already 
been substantial pipeline additions and some reversals,^® as shown in Figure 4-2.There have also been 
significant increases in barge, rail, and truck transport of crude oU, crude oil products, petrochemicals, and 
ethanol. This build-out of infrastructure has improved U.S. energy security. Without it, the United States could 
not have reduced its reliance on imports of liquid fuels to the extent that it has. 


Figure 4-2. Highlighted Liquid Fuels Pipeline Reversals and Expansions Accommodating Increased Domestic and 
Canadian Supply (existing or in construction by end 2014F 
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There have been substantia! pipeline additions and some reversals of pipeline product flows to accommodate the changes in domestic production 
regions and the volumes of product that are being transported. 
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Nafturat Gas and liquid Fuels Scenario Analyses 

Quadrennial Energy Review scenar© analysis used tfwOetoftieftterk^emttrmi^ Cwww.deloittemarketpoint.corri) and • 
several oil infrastructure models to examinei^ and needs between 2014 and 2030, Several cases were 

evaluate different oil and gas productfen a5ddKn»idprofifes|see Chapter !, MrocMon, Table 1-'2 to the complete 
.. list of cases). Even under conditions where natural fas ffl^l^idfa^ denand mcreases dramattcaily, pipeline infrastruaure 
requirements do not exceed recent historical industjy wienl bulkf-oirt to integrate new shale gas supplies has 

added substantial optronality to the interstate natuto §as|^ir»-^tm Options Include utilizing excess pipeline capacity In 
some regions, as well as the potential to additional loo|wg, csflp^km, and pipeline reversals. These rations dampen the 
need for new gas infrastructure; even when new gas eap«^ ^ cegtota% concenfiated.as ft would be in the Gulf if gas exports 
were to increase slgnificandy, annual rates of iiwstment at or betow h^wkal teve 

The analysis also incorporated ejqsansion of the transportation and dfetrlbution infrastructure currently underway alor ^ /. 
expansion of this infrastructure to accommodate forecasted grovirth in crude fs^oduction. Crude by rail remained an Important 
' of transport for moving midcontinent crudes to coastal refineries. In addition, crude oil pipelines from north lo south and 

west to east continued to expand in the micfeontinent and w®tTeSK,fe^(live^. . . . , . , 


Many U.S. Gulf Coast refineries have been largely configured to use a greater share of heavy crude oils, whereas 
nearly all of the recent incremental U.S. crude oil production is light oil. To date, U.S. refiners have been able to 
absorb increasing amounts of light crude oil by displacing imported light and medium crudes. The natural gas 
boom has not only reduced gas imports and enabled liquefied natural gas exports, but it has also reduced costs 
for U.S. refiners who use natural gas for process fuel. They are now more competitive in international markets, 
leading to more highly refined product exports.* 

As a result of the renaissance of U.S. oil and natural gas production, the U.S. Gulf Coast marine facilities 
serving the SPR are operating at high capacities. This has implications for the distribution capacity of the 
SPR, the infrastructures that support it, and the degree to which it can protect the US. economy from oil 
disruptions. 

The U.S. Strategic Petroleum Reserve: Oil Security Infrastructure 

The SPR is a Federal facility that consists of a network of 62 salt caverns at 4 geographically dispersed storage sites 
in Louisiana and Texas. It currently holds 691 million barrels of crude oil. The SPR caverns are connected to three 
distribution networks — Seaway, Texoma, and Capline— that distribute SPR oil through a network of pipelines and 
marine terminals to Gulf Coast refineries, inland refineries, and refineries on the East and West Coasts. The SPR has 
a design drawdown capacity of 4.4 million barrels per day from its caverns into its distribution networks.’ During an 
SPR release, an auction determines which US. refineries will receive SPR oil. The ability to deliver oil to the refineries 
is the SPRs distribution capacity and depends on the SPRs network of pipelines and marine terminals. 

The SPR is an important insurance policy for the US. economy in the event of serious oil supply disruptions and the 
associated price increases in domestic petroleum and petroleum products. Sharp increases in fuel prices and declines 
in gross domestic product growth have consistently followed previous oil supply disruptions. In spite of the changes in 
the US. oil profile, the US. economy will remain vulnerable to future international oil supply disruptions without the 
protection afforded by the SPR.’® 
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Changing Global and Domestic Oil Markets Underscore the Need to 
Modernize the SPR 

US. and global oil markets have evolved since the 1970s> changing the environment in which the SPR operates. When 
the SPR was established, US. oil production was in decline, oil price and allocation controls separated the US. oil 
market from the rest of the world, and a truly global commodity market for oil, as we know it today, did not exist. 

The Eneigy Policy and Conservation Act of 1975 s (EPC^) 1970s-era goal was focused on avoiding“national energy 
supply shortages” — a loss of supply to US. refineries — rather than on the impacts of an overall disruption of global oil 
markets — a less important concern given the existence of domestic price controls that aimed to separate domestic and 
foreign prices. 

Regardless of the levels of US. oil imports, in today's global oil markets, a severe global market disruption would 
have the same effect on domestic petroleum product prices whether or not US. refineries import crude oil from the 
disrupted countries.*^ " EPCAs definition of a “severe ^ergy supply interruption” should expressly include criteria 
focused specifically on disruptions in the global oil market, regardless of whether they resulted in a loss of oil imports 
to the United States. 

Another change that would increase the effectiveness of the SPR involves the adequacy of the anticipatory authorities 
in EPCA, which articulate the process and criteria for an SPR release before domestic petroleum price increases. In 
1990, Section 161(h) was added to authorize an SPR release in anticipation of a severe increase of petroleum product 
prices; that authority is limited to a release of no more than 30 million barrels of oil and for no more than 60 days. In 
today’s fast-moving and globalized energy markets, the President should not have to wait until higher fuel prices have 
already damped the US. economy before the SPR can be used without restrictions. The authority to anticipate an 
economy-damaging price increase as a result of a severe energy supply interruption should be added to the Presidents 
broader Section 161(d) release authorities to more closely conform to other EPCA goals of preventing'a severe 
increase in the price of petroleum products” that "is likely to cause an adverse impact on the national economy’ 

Further Enhancing the SPR's Value in Today's Oil Markets 

In the event of a serious international oil supply disruption, offsetting a significant share of lost supplies with 
SPR oil, in concert with other countries that hold strategic reserves, would help reduce the sharp increase of 
international oil prices that would otherwise occur. When SPR oil is sold to domestic refineries, foreign oil 
shipments that would have been processed by U.S. refineries are freed up for use elsewhere, effectively increasing 
global oil supplies. The more oil the SPR is able to distribute to U.S. coastal refineries (inland refineries are now 
well supplied by domestic production and Canadian imports), the more oil will be added to global markets. This 
will mitigate the increase in international and domestic fuel prices and reduce harm to the U.S. economy. These 
diversions of foreign oil that would have been used by US. refineries are illustrated by the 201 1 Libyan Collective 
Action.' At that time, the United States imported about 1 million barrels per day of oil from Nigeria. As a result 
of the June 201 1 SPR release, significant Nigerian supplies were redirected to foreign refineries. The SPR oil 
sold to domestic refineries caused a corresponding increase of oil into the global market. 

In recent years, the changing geography of US. oil production has led to major changes in the domestic oil and natural 
gas pipeline system. New patterns of oil supply and demand among US. oil producers and refineries, along with 
associated changes in the US. midstream, have significandy reduced the ability of the SPR to distribute incremental 
volumes of oil during possible future oil supply interruptions. Moving SPR oil to Midwest refineries — a historical 
pattern— would be of no value during a petroleum supply disruption as non-Canadian imports and Gulf Coast 


* Domestic petroleum product prices are determined by international oil prices. 

*' In June 2011, the United States, as part of an International Energy Agency “Collective Action,” released 30 million barrels of SPR oil 
in response to the loss of Libyan oil production as a result of the Libyan civil war (February 2011) and subsequent loss of Libyan oil 
exports. 
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supplies into this refining complex have essentially disappeared. The U.S. pipeline distribution system, along with 
other modes of oil transport, is instead moving large volumes of oil to the Gulf Coast, especially from US. tight oil 
plays and Canada.^ This new geography of US. col production and energy exports has also increased commercial 
traffic at US. Gulf Coast marine loading facilities. 

While the SPR can commandeer dock space at certain leased locations, doing so might cause a corresponding 
reduction in commercial traffic. The changing patterns of US. oil imports® mean that the location of an international 
oil supply disruption can affect the disposition of an SPR oil auction and the capacity of the SPR to deliver oil to its 
customers.^ If the SPR carmot load oil onto barges and tankers without disrupting commercial shipments, SPR sales 
could be offset by a corresponding decrease in domestic crude oil shipments or exports of domestically produced 
petroleum products. For ail of these reasons — the evolution of global oil markets, the participation of the United 
States in those markets, the changed geography and volume of US. oil supplies, reduced oil imports, and congestion of 
commercial facilities in the SPRs distribution region — an effective SPR release will increasingly depend on the ability 
to load incremental SPR oil onto barges and tankers.*^ 

SPR facilities are also aging. Investment has not kept pace with need. Some SPR infrastructure is nearing 
the end of its design life. Life-extension investments will be needed in the near future to ensure the SPRs 
reliability for the next several decades. The Department of Energy (DOE) is working to address SPR-deferred 
maintenance issues within the regular budget process. The more costly long-term investments in life extension 
will need to be addressed separately. 


AdmSnistration Activities and Plans 


IR March 20T4. the Secretaiy of Energy ordered the Strategic F^troleum Resenre office to. conduct a test safe hJ demonstrate the , 
jJrawdown and distritHitlon capacity of the Sttategic Petroleum Reserve in the, two locations served by )t5,Te>toma dlitribotign , 
netwotk-This test sale highlighted changes in the distribution infrastructure Irf the Gulf Coast Fe^'oni;0urfFig the test , . 
purchasers had problems getting capacity on one major pipeline for preferred deliveries and had to mate acf|ietments by , 
shipping crude oil to a different terminal and placing the oil into temporary storage until pipeline capacity became available « 

i: $he ffesident's Fiscal Year 2016 Budget provides $257 million for the development, operation, and management of the Strategic: i 
; Petroleum Reterve. This Is an increase over fiscal year 201 5 enacted levels of more than 554 million. This additional funding 
vincludes tnofe , than $,8.5 miliion-for the operations and cavern integrity program, $17 million to improve distribution fiexibiihy 
: and reliability a^ site, and more than $26 million to reduce the backlog of defened maintenance projects and address , 

#aintenance'lssues;. 

^ Department of Energy^Straie^ P«roleuro Reserve Test Sale 2014: Report to Cortgress.’*p. IG. 20l4.Mtoy^n6rgy.gov/Sitear<: 
prodffiles/20t4/1 1/f.f9/20t4%20SPR%20Test%20Sate%20Final%20Report.pcff.A£cessedF^ruafy 12,2015. ; 


For example, the SPR’s distribution capacity has been affected by reversals of the Seaway and Ho-Ho pipelines. New pipeline capacity 
has been built to move oil stored at the Cushing, Oklahoma, terminal to the Gulf Coast, or to bypass Cushing by shipping oil from 
new tight oil plays directly to Gulf Coast refineries. 

' Besides the virtual disappearance of non-Canadian imports to Midcontinent refineries, Gulf Coast refineries are using more heavy oil 
from Latin America and less oil from the Middle East, while West Coast and East Coast refiners continue to import Middle Eastern 
and other light/medium grade crudes. 

^ The maximum distribution rate during an oil supply interruption depends on the location of the oil-exporting nation(s) that has 
(have) been disrupted, the type of oil that has been disru0ed, and whether the United States imports oil from that nation (and, if so, 
how much and to what refining region). Additionally, due to increased US. tight oil production, the three SPR distribution systems 
will, in the future, rely more on marine distribution of SPR oO than inland pipelines, The pipeline network will remain important, 
though, especially for disruptions of oil that the Gulf Coast refineries rely on (such as oil from Venezuela, Mexico, or Columbia). 
Supply disruptions from these sources may result in less congestion for moving SPR oil on its pipeline system. 
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SPR MODERNIZATION 

An effective modernization program for the SPR should reflect changed global oil markets and U.S. 
market conditions. It should be undertaken, as should ail recommendations in this chapter, with a more 
up-to-date appreciation of the nature of energy security in an interconnected world. It should also focus 
both on physical infrastructure and an updated statutory trigger for the use of the SPR. Addressing 
; both physical and statutory issues will ensure that high volumes of incremental barrels of oil will be able 
to move rapidly to US. refineries in case of a global market disruption, thereby increasing supplies in 
global markets and maximizing the value of the SPR for meeting the Nations strategic energy needs. 
Specific recommendations include the following: 

Update SPR release authorities to reflect modem oil markets: Congress should update the SPR 
release authorities in EPCA so that (1) the definition of a severe energy supply interruption includes 
j an interruption of the supply of oil that is likely to cause a severe increase in the price of domestic 

j petroleum products, and (2) the requirement that a severe increase in the price of petroleum 

I products has resulted from such emergency situation is changed to a requirement that a severe price 

j increase will likely result from such emergency situation. 

Invest to optimize the SPR’s emergency response capability: DOE should make investments to 
optimize the ability of the SPR to protect the U.S. economy in an energy supply emergency. It is 
; anticipated that $1.5-$2.0 billion is needed to increase the incremental distribution capacity of 

I the SPR by adding dedicated marine loading dock capacity at the Gulf Coast terminUvS of the SPR 

I distribution systems, as well as undertaking a life extension program for key SPR components, 

' including surface infrastructure and additional brine-drive caverns. This work should be preceded 

i by DOE analyzing appropriate SPR size and configuration and carrying out detailed engineering 

I studies. 

> Support other U.S. actions related to energy security infrastructures that reflect a broader and 
i collective view of energy security: The United States should continue to consult with allies and 
i key energy trading partners on energy security issues, as well as support actions related to energy 

‘ infrastructures that are consistent with U.S. interests and G-7 principles on energy security. 


Infrastructure Supporting Energy Security through Fuel Diversity 

Transmission, storage, and distribution (TS&D) infrastructure has an important role to play in meeting 
another one of the long-term energy security core principles adopted by the G-7: diversifying energy fuels, 
sources, and routes and encouraging indigenous sources of energy supply. Two challenges in recent years 
related to maintaining a diverse supply of energy fuels — in the face of overall TS&D infrastructure changes that 
have been occurring — relate to the use of propane and biofuels. 

Changes in NGL Infrastructure and Exports Could Have Propane Customer 
Impacts 

Propane is a hydrocarbon gas liquid produced in gas plants and refineries. Propane is primarily used in 
industry, but during the winter, propane is an essential fuel for heat and is especially important in rural areas. 
The infrastructure connecting the producers of propane with distribution points for customers has changed 
dramatically in the last few years. As other geographies of energy supply have changed, infrastructure once used 
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to transport propane to these distribution points (particularly those that serve agricultural users predominantly 
in the Upper Midwest) has been converted to other purposes. One of the major changes in this regard has been 
the reversal, by Kinder Morgan, of the Cochin pipeline, which originally transported propane from a storage 
site in Edmonton, Canada, to serve markets throughout the Midwest. In early 2014, the company reversed the 
pipeline’s flow to deliver NGL to Edmonton, cutting off a major supply source of propane for Midwest markets. 

Although propane storage has increased along with recent increasing levels of NGL production, a growing 
portion of propane is being exported. Propane exports are seasonal, however, reflecting tighter markets 
during the winter when domestic demand is high and greater surplus during the summer. In addition, rapidly 
increasing exports of propane and other NGL, as shown in Figure 4-3, are competing with the supply needs 
of users of propane in the agricultural, residential, and petrochemical sectors. This changing interplay of NGL 
use was hi^lighted during the fall and winter of 2013-2014 when propane users encountered severe regional 
shortages and price spikes in some regions across the country 

Figure 4-3. U.S. Hydrocarbon Gas Liquid Exports'^^ 


Thousand Barreis/Month 
25,000 
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■ Propane/Propylene ■ Pentanes Plus Norma! Butane/Butyiene ■ Ethane/Ethylene 
Since 2009, U.S. hydrocarbon gas liquid exports have risen substantially due to increased domestic produaion and wide international price spreads. 


^ Hydrocarbon gas liquids: A group of hydrocarbons, induding ethane, propane, normal butane, isobutane, and natural gasoline, and 
their associated olefins, including ethylene, propylene, butylene, and isobutyleoe. As marketed products, hydrocarbon gas liquids 
represent all NGL and olefins. 
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Biofuels and TS&D infrastructure issues 

Ethanol production in the United States has increased steadily over the last few decades, driven by tax credits, 
the oxygenate standard,' the Renewable Fuel Standard,* and the lower cost of ethanol relative to other gasoline 
additives. By 2012, ethanol production reached nearly 10 percent of U.S. gasoline demand by volume. As 
shown in Figure 4-4, further growth in ethanol production has flattened since then. Increased use of ethanol 
requires either growing gasoline consumption or higher-level blends (E15, with 1 5 percent ethanol, or E85, 
with up to 85 percent ethanol). However, the demand for gasoline is not expected to grow significantly (due 
to projected improvements of fuel economy and demographic trends). Continued growth in ethanol use will 
depend in part on private sector investment in additional distribution capacity of higher-level blends. 


Figure 4-4. Yearly Ethanol and Biodiesel Production, 2001-2013'^ 

Billion Gallons of Production 
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■ Fuel Ethanol Production ■ Biodiesel Production 

Yearly production of ethanol increased between 2001 arid 201 1 and has declined slightly through 2013. 

Ethanol shipments from production plants typically occur by rail, which accounts for approximately 70 percent 
of ethanol transport.*® Ethanol is then delivered by truck (or directly by rail) to petroleum product terminals 
that blend ethanol with unfinished gasoline for delivery by truck to retail outlets. It is difficult to move ethanol 
shipments by pipeline because ethanol absorbs water and can therefore degrade the specifications of petroleum 
products, which would follow it in the pipeline. 

Other biofuels have chemical properties more similar to gasoline and other hydrocarbons, enabling more ready 
distribution through existing TS&D infrastructure. Upstream biofuels involve biofuels that could be blended 
into the petroleum product supply chain at the refinery and then transported with the petroleum product 

' The oxygenate standard for reformulated gasoline, introduced by the Clean Air Act Amendments of 1 990, required a minimum 
level of oxygen in complying gasoline. The oxygen content of gasoline is tyjMcally increased by blending ethanol or methyl tertiary 
butyl ether into gasoline. The oxygenate standard was repealed in the same legislation that established the Renewable Fuel Standard 
(Energy Policy Act of 2005). 

' The Renewable Fuel Standard was enacted as part of the Clean Air Act by the Energy Policy Act of 2005 and amendments in 2007. 

The Renewable Fuel Standard requires a minimum level of qualifying biofuels, including ethanol, to be blended into U.S. motor fuds. 
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through its norma! infrastructure. These alternatives include oil from the pyrolysis of biomass, hydrocarbons 
derived from applying the Fischer-Tropsch process to mixtures of carbon monoxide and hydrogen produced 
in biomass gasifiers, oil derived from algae, and fetty acid methyl esters.^* Drop-in biofuels, such as biobutanoi 
and renewable diesel, can use existing oil and gasoline infrastructure and be “dropped in” at points along the 
supply chain without infrastructure modification. Future research on both types of biofuels can support energy 
security through fuel diversity without posing additional infrastructure challenges. 


Administration Activities and Plans 


Propane. The Administration has taken a series of aalonsto respond to the changes in transmission, storage, and 'distribution 
infrastructure for propane and other natural gas li()uids.1he £nergyJitfomi8tion Administration has added capability to 
: , monitor propane inventories on a more granular; state-by-slatetoi^ greatly enhancing the ability of industry, consumers, and 
policymakers to monitor possible shortages or distilhiition tssueSsBecause propane storage in customer lante can provide an 
additional margin of supply security, the federal Government supported ptdtlic education campaigns to encourage consuBi 
to fill their propane storage early foe the 2014-2015 winterseason. As of January 2015, propane Inventories were above the 
S-year average, and the Propane Education and Research Council's tnarket research shows the campaign contn'buted to these 
‘"Jncreases.W— 

Department of Energy (DOE) alternative fuels programs. DOE has supported research and development on the 
compatibility of higher-level ethanol blends with distribution infrasttucture and vehicles. DOE grants and loans helped irtitial 
commerefat cellulosic ethanol refineries come online. DOE has active research programs on drop-in fijels, and small amounts , s i 
are already enteting the commercial matkets.* DOE also has robust rcseatch, developmetiV demonstration, and deployment 
prbgratts pslhj.electtldty and hydrogen in vehicles, and use.of the^ fuels in transportation is itiCTeasIcig, ; " , 

Department of Defense alternative fuels programs. The Air Force's 2013 'U.S. Air Force Energy Strategic Plan" includes a 
5 goat te iuse costrcompetitm drop-in fuels for half of ''non-contirigency' operations by 2025. The Nayy's 20:IO «pOfh9 

,, 'A Navy Energy Vision for the 2 1 st Century," sets a goal of 50 percent of Naval energy use afloat to be derived fiom alternative 
fuels by 2020. The Navy designated an aircraft carrier task force built around the tISS Ni.mitz as "the great green fleet," which 
using biofuels by 2016, In support of these objectives, the Department of Defense has an active program 
of research and develofunent and testing alternative fuels for use in a range of aircraft and ships, including Fischer-Tropsch 
, SynthettC.b'idfuels and smatt,amo,unts cd algal biofuels. The Department of Defense also purchases alternative fuels for research 
and testing purposes. - , \ - 


propane Education ^ Research Council. "Results of the 2014 Consumer Safety PreparednessCampaignJ' Pebruary idiScHttpi// i 
www.propanecoundl.org/uploadedFil6S/Councii/Campargns/ConsumerCampaignPresentationResults.pdf. Accessed 
Mardi.4,20ts. 

Informafiou Adihinistrafion.''feis Week in Petroleuhifpropahe stocks (million barrels) and days of .supplyh httpV/WwWi ;; 
. eia.govdJetroteurrv'weekly/propancxfm. Accessed February 25,2015. 
i .rt Department of Energy ‘‘Bioener^Frequeruly Asked Chjistions.’’http://vvvvw.energy.gov/6ereyia'oeriergy/bioenergy- : : 9 
-■ freguently-asked-guestions. Accessed Fdmiary 25, 2015. 
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; TS&D INFRASTRUCTURE RELATED TO FUEL DIVERSITY 

i To address TS&D infrastructure issues related to promoting U.S. energy security through fuel diversity, 
i we recommend the following: 

Continue research, development, and deployment of drop-in biofuels and support work 
i related to higher-level ethanol blends: DOE and the Department of Defense should continue to 

fund research and demonstration activities on drop-in jet fuel and diesel. These applications are 
« important given the challenges of electrifying airplanes and other large vehicles. Most production is 
in the pilot or demonstration phase, and, beginning in 201 1, some commercial flights in Europe and 
i the United States have flown with 50-50 biofuel blends. Despite this, biofuels for aviation and large 
i vehicle applications still face considerable challenges in penetrating these markets. In addition, 

DOE should provide technical support to states, communities, or private entities wishing to invest 
i in infrastructure to dispense higher-level ethanol blends. 

; Continue to monitor propane storage, use, and exports: Given the changes occurring in propane 

i TS&D infrastructure, DOE should ensure adequate support for EIA’s data collection and analysis 

I relative to domestic propane storage and use, as well as propane exports, going forward. 


Infrastructure Supporting Energy Security through Marine 
Transport 

'Ihe marked increase in inland, coastal, and offshore maritime traffic stemming from the recent boom in US. 
oil and gas production and the resulting investment in the petrochemical complex highlights the need for new 
energy transport vessels in the United States. 

Trends in U.S. Shipbuilding 

American shipyards are experiencing a surge in construction orders for patrol boats, tugs, barges of all sizes, 
ferries, and other vessels. In 2012 alone, US. shipbuilders delivered 1,260 vessels” and have since seen a spike 
in orders for large ocean-going vessels. Today, there are more than 30 large, self-propelled, ocean-going Jones 
Act-eligible tankers, articulated tug-barge units, and container ships either under construction or on order 
at US. shipyards. The Maritime Administration has noted that US. shipyards are experiencing the greatest 
volume of shipbuilding activity in more than three decades.'® 

An understanding of the history of the decline of US. commercial shipbuilding capacity is instructive. Until 
1981, the US. policy was to actively support its merchant marine fleet and the Nations domestic shipbuilding 
industry, recognizing its critical role in supporting national defense.” US. international shipping companies 
received an operating subsidy, a condition for which was to buy U.S.-built ships. Subsidized shipping 
companies received a construction subsidy to make up the difference between the prices of less expensive 
foreign built ships and the prices charged by U.S. shipyards. In 1981, operating and construction differential 
subsidies were halted under the theory that the domestic industry would be supported by construction of 
naval vessels.^® When construction of naval vessels actually declined, the effect was a significantly diminished 
capacity for domestic shipbuilding.^' Prior to the 1980s, US. shipbuilders produced nearly 100 commercial 
ships per year. Orders for commercial ships dropped to zero in the mid-1980s and have averaged just seven 
ships per year since.^^ 
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US. shipyards traditionally focused on orders from U.S. shipping companies.-* South Korea, Japan, and China 
have aggressively sought export business and subsidized their shipping industries.*** Currently, South Korea 
and China dominate the shipbuilding industry^* and benefit from technical learning, capital investment, and 
improving economies of scale and purchasing advantages. As a result, these nations now operate at much lower 
costs than competitors, including the United States.** Despite accounting for about 20 percent of the global 
seaborne trade, the United States builds less than 1 percent of the world’s merchant vessels.** Aside from lost 
commercial opportunity, some observers believe that reliance on foreign shipyards could have implications for 
U.S. security and prosperity. 


QER Recommendations 


MARINE TRANSPORT 

The security implications are evident in the inextricable linkage between energy and maritime 
commerce, as recent changes require moving oil in new ways. Because it is important to have a better 
understanding of possible energy vulnerabilities associated with the overall decline in U.S. shipbuilding, 
as well as the competitiveness opportunities associated with enhancing domestic energy shipbuilding, 
we recommend the following: 

I Undertake a study of the relationship between domestic shipping and energy security: The 
j relevant agencies should conduct a study of the economic, engineering, logistics, workforce, 

i construction, and regulatory factors affecting the domestic shipping industry’s ability to support 

1 U.S. energy security. We recommend that the Secretary of Transportation ensure that the National 
j Maritime Strategy includes a consideration of the energy security aspects of maritime policy in its 
' discussion and recommendations. 


Energy Security Benefits of North American TS&D Infrastructure 

One of the most significant benefits to U.S. energy security is its location; the United States shares the North 
American continent with two close allies. The United States. Canada, and Mexico are each resource-rich 
nations; there is an enormous bilateral energy trade; and all three countries have intertwined and increasingly 
integrated energy markets and infrastructure. Three of the G-7 core principles for energy security have 
regional implications for the United States and its North American neighbors: the improvement of energy 
system resilience to disruptions through infrastructure modernization; the development of flexible and 
competitive energy markets; and the diversification of fuel mixes, sources, and routes. 

The TS&D infrastructure across the U.S.-Canadian and U.S.-Mexican borders is diverse and extensive. 
Currently, there are approximately 85 transboundary pipelines and 35 major electricity transmission lines 
that transport crude oil, refined products, natural gas, and electricity across the U.S.-Canadian border." To 
the south, liquid fuels make up the largest share of the energy trade between the United States and Mexico, 
primarily via shipping in the Gulf of Mexico. Additionally, 17 natural gas interconnections currently span the 
U.S.-Mexican border, and while minimal, electricity trade does occur between California and Baja California 
and to a lesser extent between Texas, Tamaulipas, and Chihuahua.*® 


" Additional oil and petroleum products are shipped to Canada. 
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The United States and Canada share water access through the Great Lakes and St. Lawrence Seaway. The Army 
Corps of Engineers lists more than 60 commercial harbors on the U.S. Great Lakes coast alone.’^ Rail and 
trucking routes also span the border, enabling the transfer of energy commodities using several transportation 
modes. Further development of these interconnections could improve continental security and bring 
economic benefits. For example, the Electric Reliability Council of Texas has peak electricity demand that 
exceeds generation in south Texas, and it is using new high-voltage transmission lines to provide power from 
Mexican generating facilities to Texas. Additional generation is being proposed on the Mexican side of the 
border that can support Texan power requirements and help avoid power outages. 

Chapter VI (Integrating North American Energy Markets) contains a more detailed discussion of the North 
American energy markets and the benefits of increased integration beyond that of enhanced regional energy 
security. 
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' RECOMMENDATIONS IN BRIEF: 

Modernizing U.S. Energy Security Infrastructures in a Changing Global Marketplace ' 


Update Strategic Petroleum Reserve (SPR) release authorities to reflect modern oil markets. Congress shoolo 
update SPR release authorities to allow the SPRtabcusedBwreeflectiveiy to prevent serious economic harm to the United 

Invest to optimize the SPR's emergency response capability. The Department of Energy (DOE) should a-ayze 
SPR size and configuration, and, after canying out detailed engineering studies, stwuld make infrastructure 
investments in the SPR and its distribution systems to opthiize fte SPR's ability to protect the U.S. economy in an energy supply 
. , , , emergengjf i.issm. ^ 

Support other U.S. actions related to the SPR and energy security infrastructures that reflect a broader and 
more contemporary view on energy security. The United States should continue to consult with allies and ke 
s Cfiff a partners on energy security issues, bulWing on the 6^7 ptinciptes on energy securily. 

V Support fuel diversity through research, demonstration, and analysis. DOE and the Department of Defense 
should continue research and demonstration activfties to develop biofuels that are compatible with existing petroleum fuel 
especially in aviation and for large vehicles. DOE should prande technical support to states, communities, or 
s wishing to invest in infrastructure to dispense higher-tevel ethanol.htends. DOE should ensure adequate support 

for data collection and analysis on fuels. Tike propane, that play an important role in the Nation's diverse energy mix and are 
challenged by changing transmission, storage, and distribution Infiasfructurei 

Undertake a study of the relationship between domestic shipping and energy security. The relevant agencies 
: ; should conduct a Study of the economic, engineering, logistics, vvorkforce, construction, and regulatory factors affecting the 
y""’ domeitfc shipping industry's ability to support U.S. energy security. The Secretary of.Transportation should ensure that the f : 
National Maritime Strategy includes a consideration of the energy security aspects of maritime policy in Its BIscussigfi and , 

, ISCOipmendaSOnSi,,. .... .ijiSKisSCSCfai...;;.;., .r 
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Chapter V 

IMPROVING 
SHARED TRANSPORT 
INFRASTRUCTURES 


This chapter examines the use — for transporting, storing, and delivering 
energy — of transportation modes shared by other major commodities. These 
modes include railroads, highways, waterways, ports, and the intermodal 
facilities that connect them together. The discussion is divided into four major 
sections. The first focuses on rail transport of energy commodities, with a 
consideration of ancillary use of highways. The second focuses on waterways, 
ports, and their connectors to other transportation infrastructure. The third 
section addresses conflicts due to the increased transport of energy supplies, 
materials and components. The final section focuses on gaps in data and 
analytical methods needed to understand the rapid changes occurring in the 
use of these transport infrastructures for energy. Each major section concludes 
with a discussion of major Administration initiatives underway to address the 
issues — especially in rail transport — and recommendations for further action. 
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Chapter V: improving Shared Transport infrastructures 


FINDINGS IN BRIEF: 

Improving Shared Transport Infrastructures 


Rapid crude oil production increases have changed the patterns of flow of North American midstream 
(pipelines, rail, and barge) liquids transport infrastructure. Pipelines that previously delivered crude oil from the Gulf 
: of Mextco to Midcontinent refineries have now change dteSon to defivet domestic and Canadian oi! to the Gulf of Mexico. 

: In addition, oil produced in North Dakota is now being shippel to refineries on the East and West Coasts of the United States. 

: As a result, modes of transport other than pipehnes are being ertipteyed to move crude oil, including a significant increase in 
■ crude oil unit trains and barge shipments. 

Limited infrastructure capacities are intensifying competition among commodities, with some costs passed 

on to consumers. Until new additional capaci^ becomes available, the competition among commodity groups for existing 
capacity will intensify. The proxlm%of Batttencnjdeoiftnsvemetjts and Powder River .Basin coal movements, along with -jss::! 
agrieultural shipments in the region, affect Midwest power plants and the food industiy; Typically, rail and barge service 
ate the most cost-effective shipping methods available for moving grain and other relatively low-value, bulk agricultural 
commodities, and the Department of Agriculture has indicated that disruptions to agricultural shipments caused by recent 
unexpected shifts in supply and demand for rail services exceed even those caused by Hutricane Katrina. 

Rail, barge, and truck transportation are crucial for ethanol shipment. Ethanol produaion in the United States has 
increased over the last few decades, Ethanol is typically shipped from production plants by rail and then delivered fay truck (ot 
directly by rail or barge) to petroleum product terminals. Ethanol is likely to rely on shared infestructsjre for its bansport foto ! 
the foreseeabie future, "Siw' 

The ability to maintain adequate coal stockpiles at some electric power plants has been affected by rail 
. congestion. The Surface Transportation Board recently acted to require week^ reports of planned versus actiiai toadinps.df ■ 

''coaftiaissiv.,.:'. : ■ »,s,)ksssss;;_; , f' ’ //''.v- 

Funding for the U.S. freight transportation system is complex and involves a combination of Federal, state, 

j-Jb^iAh^RljwtiefiWestinetite Railroad infrastructure is primarily owned and maintained byiftsprtotesectoPSie MaftBe 
■i transportation infrastructure involves a mix of Federal, state, local, and private investments, arid roadways StedwtJed aflfc ^ 
■ianaintained-fayirangeiof Federal, state, locaL and — in some cases — even private entitSes,‘-o3K'®I;;i|;iGs;J|ii||i||g^^ 

Navigable waterways are essential for the movement of energy commodities, equipment, and materials, 

'.especially petroleum and refined petroleum products. Investments in construction, rehabilitation, and maintenance of 
s Siis IMfastfuiaure must be balanced against other investments, including other water resource irjvestfnent^ sdfafa: as W 
. coastal storm damage reduction projects and aquatic ecosystem restorafion. 

Inaeased transportation of crude oil by rail and barge has highlighted the need for additional safeguards. 

...For , ail transport,, in particular, the Federal Government has a number of efforts undeiway, including a ruleroakins on ' V 
ithproving the safety of rail transport of crude oil, including mote robust tank car standards and operational requirementSi' to ' 
-address these' concerns, -i . 

Multi-modal shared transportation infrastructure is stressed by increased shipments of energy supplies, 

materials, and compotiente. Wind turbine blades, for example, have more than tripled in length since the 19805. 

5 Transportitig components of, this Size (and others of significant weight and site, such as large power transformers) creates^ 

.a range of challenges, induding stress on toads, many of .which are rural; the need to coordinate movement through potto, .isi; 
: ttunttels, overpasses,, arid turning areas; and addidohal permitting and police escort requirements. 
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Increased Use of Shared Transport Infrastructures for Energy 

Changes in the U.S. energy marketplace are stressing the Nations infrastructures that move energy from where 
it is produced to both processing and demand centers, particularly in the case of oil where the rapid increase 
in U.S. tight oil production is transforming conventional patterns and modes of petroleum transport in North 
America. 

While pipelines traditionally have been the preferred mode for transporting large amounts of oil and 
refined products within the United States, expanded development in regions distant from refineries, where 
existing petroleum infrastructure is minimal, has increasingly shifted energy products to other modes of 
transportation. The movement of shipment of oil from the wellhead to a refinery may employ a combination 
of trucks, pipelines, railcars, barges, and other marine vessels— giving oil transportation in the United States 
an increasingly multi-modal character. Since these alternatives have been, and continue to be, used for 
transporting other commodities, they are considered in the Quadrennial Energy Review (QER) to be “shared 
transport infrastructures” for energy commodities. 

The increased utilization of rail, barge, and truck for oil transport, as well as other energy supplies and 
materials, is contributing to increased competition among commodities on these shared transport 
infrastructures. This has contributed to delays in the delivery of other commodities, such as crops, fertilizers, 
and chemicals.' The same constraints have recently affected the delivery of coal to electric generators.^ 

While modal shifts are responsible for a share of the energy sectors impact on the shipment of goods 
around the Nation, the dramatic increases in shale oil and gas production have put additional pressure on 
transportation infrastructure in other ways as well. For example, developing a single well pad in the Marcellus 
Shale region is estimated to require roughly between 1,600 and 4,900 truck trips,' resulting in $13,000 to 
$23,000 in roadway maintenance costs per well."* Likewise, most of the nearly fivefold growth in rail shipments 
of industrial sand since 2009 can be attributed to sand used for hydraulic fracturing.'’ Drilling operations in 
the Marcellus region also produce significant quantities of wastewater. Disposal of this wastewater close to 
production sites is hindered by factors such as inappropriate geology and lack of capacity at local municipal 
and industrial wastewater facilities to treat adequately the high level of total dissolved solids in waste\vater 
generated from Marcellus wells. As a result, there has been a shift to the use of underground injection wells 
to dispose of this wastewater, with most of those injection wells located in Ohio.^ Truck and rail transport are 
options for transporting wastewater, but higher costs for those modes and the ability to move large volumes of 
vrastewater by barge have made waterborne transport of wastewater attractive to the natural gas industry.^ The 
Coast Guard is considering regulations to allow barge operators to carry produced wastewater from drilling 
operations.® 

This chapter explores the impact of these changes, particularly on railroads and waterborne infrastructure 
(including ports). The rapid shifts in the use of shared infrastructure also raise new questions about system 
resilience and environmental impacts. These have been addressed in the broader discussions of those topics in 
Chapters II (Increasing the Resilience, Reliability, Safety, and Asset Security of TS&D Infrastructure) and VII 
(Addressing Environmental Aspects of TSScD Infrastructure). 
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Rail Transport of Liquid Fuels: Status and Trends 

Among all the shared freight transport infrastructures, the rail network may have experienced the most 
significant changes in the past several years. Increases in oil transport by rail are occurring on an existing 
system— a $60 billion plus freight rail industry that includes 140,000 rail miles operated by 7 large national 
(Class I) railroads, “ 21 regional railroads, and 510 local railroads.’ 

Growth in Rail Transportation of Crude Oil 

The dramatic increases in the use of rail to transport oil over the last four years can be seen in the volume of 
shipments, as represented by number of originated railcars carrying crude oil. In 2009, roughly 10,800 carloads 
of crude oil originated on U.S. Class I railroads.*® By 2014, the volume of rail shipments had grown to more than 
493,000 originated carloads of crude oil** — an increase of roughly 4,400 percent in 5 years (see Figure 5-1). The 
Energy Information Administration (EIA) estimates that, on average, more than 1,022,000 barrels of domestic 
and Canadian crude were moved in the United States by rail per day in 2014.*^ ’^ 

Figure 5*1. Originated Class I Railcars of U.S. Crude Oil (2009-2014, Quarterly)*^ 

Thousands 

140 



The rapid increase in crude by rail is a function of the growth in new source of new oil production, particularly in North Dakota, as well as limited 
pipeline capacity for moving this oil to refiners on the East and West Coasts. 


““ Class I railroads are the Nations largest railroads. For purposes of the accounting and reporting requirements of the Surface 
Transportation Board, railroads are divided into three classes. Class I is defined as those railroads with annual operating revenues 
(after being adjusted to compensate for inflation by a railroad revenue deflator formula) of more than $250 million. There are 
seven Class I railroads in the United States: Union Pacific Railroad. BNSF Railway, CSX Transportation, Norfolk Southern Railway, 
Canadian Pacific Railway, Canadian National Railway, and Kansas City Southern Railway. 
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There are several reasons for this phenomenal growth in sudi a short time. Railroads have an extensive 
existing track infrastructure, so new movements of crude oil by rail generally require only the construction 
of crude loading and unloading terminals and the e^ansion of the tank car fleet. This can be done relatively 
quickly compared to the time required to build or expand a pipeline. Rail also uses shorter-term contracts 
than the multi-year commitments required for pipeline construction, increasing the attractiveness of rail for 
oil producers and refiners who value such flexibility. While pipeline transport has substantially expanded to 
ship Midcontinent oil to the Gulf of Mexico, recent light oil production in Texas (where there has been an 
even larger increase than that of North Dakota) is competing for the available Gulf Coast refining capacity. 
Thus, East and West Coast refiners have become increasingly important customers for North Dakota oil, and 
this oil can travel by rail and barge to those destinations. Given these and other factors, as well as the difficulty 
and expense of pipeline build-out, crude by rail has become an important new component of the US. oil 
midstream, and it is anticipated that this new modal shift will have a place in the industry in the long-term.^® 

Rail shipment of oil has increased in most US. production areas, but it has been of particular importance 
for the Bakken Formation in North Dakota. As of mid-2014, rail accounted for more than 60 percent of total 
oil shipments from the Bakken and 100 percent of Bakken-to- West-Coast deliveries (from North Dakota to 
Washington State and then by barge to California).** 

As a result of these factors, the number of crude oil loading, unloading, and barge transfer points in the United 
States and Canada has grown markedly in the past few years (see Figure 5-2). In 2010, there were only six rail 
loading facilities for oil, and no barge loading facilities. Three years later, in 2013, there were more than 60 rail 
loading facilities and a host of new barge loading facilities — an enormous change. 
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!spott infrastructures 


Figure 5-2. Crude Oil by Train Loading, and Offloading, and Rail-to-Barge Facilities for 2010 and 2013^^ 
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if; 2010, the United States and Canada had six rail loading facilities for crude oil and four offloading facilities. By yeat-end 2013, ’ ' li ht ij i 

capacity had grown to include 65 loading facilities in Petroleum Administration Defense Districts 11, !ti, and iV. Raii-to-bargefaciid is else '".aa^ed. 
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Congestion and Competition among Commodities 

This rapid increase in rail usage to transport oil has acerbated adsting capacity constraints in the tail systems, which 
are detennined by multiple factors, including the throv^^Ut on the rails themselves, the operation of loading and 
unloading facilities, the number of locomotives and 3^ cars, train speed, and the availability of qualified employees. 

Tlie overlap of crude oil movements from the Bakken with coal moving out of the adiacent Powder River 
Basin, along with high volume of rail shipments of agricultural commodities from the region, present a 
singular set of challenges. Just as crude oil is transported to major ports for refining and export, so too are 
other commodities. Figure 5-3 shows the range of commodities shipped by rail in 201 3, by percent of tonnage 
and revenue. The shipments of a number of these (such as crude petroleum, petroleum products, and sand 
used in hydraulic fracturing for oil and gas production, known as frac sand) have been influenced strongly 
by increased shale oil production in the West and development of natural gas resources in the East. For every 
new well, the Nations railroads move approximately 40 rafl cars of drilling material. While most of the 
sand trans]>orted by rail is used for cement production, road building, and other construction purposes,*'’ 
industrial sand, which includes frac sand, makes up about one-third of total carloads in this cal egory, and this 
siibcategory is growing about twice as fast as other sand and aggregate cargoes.^ Frac sand makes up the bulk 
of this increase.-’ The need to move frac sand and ofrier drilling inputs is a significant factor in the multi-year 
backlog of the production of various t)'pesof rolling stodc— with back orders reaching 124,000 rail cars as of 
late 2014, an increase of 25 percent between June and December 2014.“ 

Figure 5-3.Class I Railroad Commodities, Percentage by Weight and Gross Revenue (201 3)” 



Total • 1 .76 Billion tons Total - $72.1 billion 


^ Coal 

# Chemicals & allied produas 
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Energy commodities and associated products account for a large portion of rail traffic. Crude oi! has grown to 3 percent of national (Class 1) rail 
revenues and more than 2 percent of tonnage, Transport of auds oil and petroleum products, chemicals, crushed stone, sand, and gravel, all of which 
are strongly influenced by siraie oi! iiroduciion growth, are more significant on a regional basis, and, in those regions, tend to perturb both other 
energy and non-energy commodity movements on a constrained rail network. 
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While crude by rail may be a relatively small part of the national rail picture, on a regional basis, the 
constrained capacity created by oil movements emerges as a more significant issue. BNSF Railway is the largest 
rail carrier for both Bakken crude oil and Powder River Basin coal. BNSF currently carries about 75 percent 
of Bakken oil moving by rail.^^ Meanwhile, BNSF also is a major carrier for coal. More than 90 percent of coal 
carried by BNSF originates in the Powder River Basin.^® 

Economic Effects of Capacity Constraints 

Agricxilturai product shippers have expressed concern that oil and coal shipments will crowd out their 
commodities on the already constrained rail network through the Plains States.” Rail service is particularly 
important for U.S. agriculture, as it is often the most cost-effective shipping mode available for moving 
grain and other relatively lower-value, bulk agricultural commodities from production areas to markets or 
transfer points for waterborne transportation.** Grain and oilseed shippers in Montana and North Dakota are 
particularly dependent on rail transportation because of their distance to inland waterways and the prohibitive 
cost of hauling grain long distances to markets by truck.*’ 

In 2013 and 2014, the demand for rail service increased for most commodities, including coal, oil, intermodal 
containers, sand, and gravel. Near-record harvests in those years of corn, soybeans, and wheat in the 
Northern Plains States (Minnesota, Montana, North Dakota, and South Dakota) put additional stress on 
the rail transportation system, which was already operating with limited excess capacity.^^' The 2013 harvest 
was followed shortly by a severe winter, compounding the rail service interruptions grain shippers were 
experiencing. Smaller harvests in 2014 were met by improved rail service in the region.^' 

Many shippers, unable to pay the additional premiums for service, diverted more grain into storage or used 
alternative transportation at a higher-than-normal cost.** The growing imbalance between supply and demand 
for rail service was manifested as backlogged grain shipments and higher-than-average prices for empty 
grain cars sold in the secondary auction markets.** Based on an analysis of these markets, the Department 
of Agriculture’s (USDAs) Agricultural Marketing Service concluded in October 201 4 that “The past year was 
marked by both higher than anticipated demand for service and rail service disruptions. . . .The current rail 
service problems have exceeded previous events in terms of both magnitude and duration, including Hurricane 
Katrina, which caused major disruptions throughout the entire agricultural transportation network.”*^ 

Prompted mainly by the financial struggles of U.S. railroads in a heavily regulated, economically inefficient 
environment, Congress passed the Staggers Rail Act in 1980. The Staggers Act has been successful in improving 
the financial health of the railroads, in part because carriers have become more efficient, eliminating excess 
capacity and redundancy and streamlining operations. Over the last 30 years (from 1980 to 2011), the number 
of ton-miles transported by rail has doubled, while Class I revenues per ton-mile have declined almost 40 
percent in real terms.*’ *^ 

The last several years, however, tell a different story. According to USDA, "Even though a recession started in 
December 2007, railroads continued to raise rail rates, partly to support record railroad capital investments 
and higher costs. Average real rail rates per ton-mile for all commodities increased 36 percent between 2004 
and 2011. Real rail costs adjusted for railroad productivity increased 29 percent during the same. This indicates 
that most of the increase in rail rates was due to increased rail cost, but the increased rail rates also contributed 
to record rail profits. In comparison, real truck rates have increased 27 percent since 2004.”” Protecting rail 
consumers from service disruptions is another prime factor in passage of the Staggers Act; a more streamlined 
rail system with limited excess capacity can, however, become overburdened when demand spikes, as it did in 
2013 to 2014, which can leave shippers vulnerable to service deficiencies. 
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Coal Transportation by Rail 

Coal represents 39.5 percent of total tonnage moved by rail and 19.9 percent of total revenues for the railroad 
industry, and it is viewed by many in the industry as its most important single commodity.^ Sixty-eight 
percent of coal used to generate electricity is delivered to power plants by rail. Approximately 40 percent of 
all U.S. coal is produced in Wyoming, which is more than is produced by the next three highest-producing 
states combined. The vast majority of Wyoming’s coal is sent to power plants in 34 states, almost ail of this 
by rail. Eight states obtain more than 90 percent of their domestic coal from Wyoming,'^ giving these states an 
enormous interest in ensuring reliable rail deliveries of coal. Figure 5-4 illustrates the reach of transport from 
the Powder River Basin to coal-fired units across the Nation. 

Figure 5-4. Coal-Fired Power Plants Supplied by the Powder River Basin^' 



The vast majority of Powder River coal is sent out of Wyoming to power plants in 34 other states. 

The EIAs recent analysis of coal stockpile levels at electric power plants (see Figure 5-5)"’^ confirms that 
stockpiles are low in both absolute levels and days of burn compared to recent norms— -both nationally and 
regionally (particularly in the Upper Midwest where rail congestion has been problematic). The EIA attributes 
this to several causes, including record grain harvests and transport of crude oil. 
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Figure 5*5. Monthly U.5. Coal 5tockpile Levels at Electric Power Plants, 2009-2014^^ 
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Stockpiles of coal at power plants in 2013 and 2014 were either at the lower end of, or below, the 5-year range of stockpile levels from 2009 to 2013, 


Of those coal-fired plants served by rail, most are served 
by only one Class I railroad (these plants are referred to as 
"captive” to the single railroad).^ The power producers that 
own these plants have been concerned for decades about 
service and rate problems based on this lack of competition. 

The issue of coal delivery shortfalls in some regions has 
recently become more pronounced as Bakken crude and 
other rail traffic has increased.'*^ There have been numerous 
instances where coal-fired units have been left with a week’s 
worth of coal or less."*® Four small plants in Minnesota 
shutdown in fall 2014 to conserve coal stocks; grid operators were able to dispatch from non-coal units for 
use during the peak winter demand period/* demonstrating the value of diversity to reliable energy systems. 

The railroad companies are aware of the issues concerning adequate service and have responded to service 
performance issues. Some of the steps they are taking to address these issues include significant orders 
for additional rolling stock and double tracking in some locations. On November 20, 2014, BNSF Railway 
announced plans for record capital spending in 2015 of $6 billion for rail updates, track replacements, and 
expansion projects. "Nearly $500 million of that expansion work will occur in the Northern region, which is 
where BNSF is experiencing the fastest growth. That region primarily serves agriculture, coal, crude oil, and 
materials related to crude oil exploration and productioa.”^^ 


In recognition of the Importance of adequate; 

coal reserves for €tectric%. . December $0, 2014, : 

the Surface Transportation Ooard Issued a decision 
on Docket No. Ep 724: "The Board directs BNSF 
Railway Company to submit a detailed description of 
■ ^the contingency ^ans the carrier would use to help : 
^ mitigate an acute coat inventory shortage at one or : 
more generating stations in a fegfen.' 


* Many agricultural shippers arc also captive to one railroad. According to the Department of Agriculture.'bnly about five percent of 
grain elevators are served by more than one railroad.” See: Department of Agriculture and Department of Transportation. “Study of 
Rural Transportation Issues.” April 2010. ntl.bts gov4ib/32000/32800/32855/STELPRDC50841 08.pdf. 
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Ethanol Transportation by Rail 

Ethanol production in the United States has increased steadily over the last few decades, reaching a historically 
high level in 2011. By 2012, ethanol displaced approximately 10 percent of U.S. gasoline demand by volume. 
Ethanol production is primarily located in the Midwest where most of the corn feedstocks are grown.^® Ethanol 
blending into gasoline takes place at petroleum product distribution terminals across the country, so large 
amounts of ethanol must be transported from production plants to the distribution terminals. These shipments 
from production plants to distribution terminals typically occur by rail, which accounts for around 70 percent 
of ethanol transport, with the final product then delivered by truck to retail outlets. 

Roads, rail, and waterborne infrastructures are used extensively for ethanol transport because fuel quality 
specifications, ethanol’s water-absorbing properties, and the complications presented by multiple owners 
of pipelines prevent the transport of ethanol in the same pipelines as petroleum products. Ethanol is likely 
to rely on shared infrastructure for its transport for the foreseeable future. Attempts to construct dedicated 
transportation infrastructure have not been successful — a $4-billion ethanol pipeline project from the Midwest 
to the Northeast was explored by POET and Magellan Midstream Partners, but the project was abandoned in 
2012 after it was determined to be economically infeasible. 

Safety of Rail Transport of Liquid Fuels 

Rail safety has become a key issue as rail transport of liquid fuels has grown. Several high-profile crude-by- 
rail accidents occurred since 2013, the most devastating of which killed 47 people in Lac-Megantic, Quebec. 
Others, such as those in Aliceville, Alabama; Casselton, North Dakota; Lynchburg, Virginia; and Mount 
Carbon, West Virginia, resulted in significant environmental and property damage after tank cars derailed, 
ruptured, and the oil caught fire. Similar accidents involving ethanol rail shipments have also raised concerns 
about the safety of rail tank cars and the shipment of these flammable hazardous commodities across the 
United States. These accidents have highlighted the need for additional monitoring, enforcement, and 
inspection, as well as setting new safety design requirements for tank cars.^ 

The rail transport infrastructure for liquid fuels also faces reliability and resilience challenges, which are 
described in more detail in Chapter II (Increasing the Resilience, Reliability, Safety, and Asset Security of TS&D 
Infrastructure). 
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Chapter V: Improving Shared Transport infrastructures 


Administration Activities and Plans 


Hie Surface Transportation Board (STB) is an iodepeurfawatfi^isalWn the Oeparteent of lransportation that is the successof 
to the Interstate Commerce Commission. # Is charged wBnesoMnjnailroad rate and setvte issues and rail restructuring 
tansacttons isuchasmergersltnesales ifne eonsdticfion,:«md line ahandorimeritsl, The Pipeline and Hazardous Materials ■■sm 
Safety Administration at the Department of Transportatorftiffij iegulates the ttatrsportation of hazardousmatetials by all ^ “ j 
modes, itKbtfng rail, while the fedeiaTRailroad Adfflintsti^M is tesponsfcte for rail safety, sssf, 

Congestian and service. In light of the probtems of raHaeot^tlon affecting rfiipments of Isey commodities 

STBisSBedadecisionregulringallOassItaihoadstopiiMIclyfitevwehly'dataTepoitstcgardmgscrvicepei > ii'ii'' 1 ' 
i-ifiss' of unit trains carrylrig coal, etude oil, ethaivol, and gtahriRailroads b^an filing performance data in October 2014 in^, /s 
addition to reports on coal, grain, and mtermodal (ate - ; 

lljl, . STB has begun ittfbrtnai interactions with the En^,)trfOrrnatioii ArfiitinistEatjon. to share data and .insights oii overall 
fssvsf energy flows among malorU,S. regions, i.S 

iv; * On Decethber 30. 2014; STB issued a decision daeaing the BNSF Raihs/ay Coiiipany 'ho submft .a detailed descripttdrt ' :; 
sp# S'S of the contitrgency plansthe carrier would use to help mitigatean acute coal Inv^oty shbrtage.at one or more i 

r • On Decemtser 30, 2014, STB initialed a formal notice and comment tufetiaking proceeding for weekly perfcmnance data 

reporting by the Class 1 railroads and also the freight railroads serving the Chica^ gateway. The putpcBe. of the repbiling 
reguirements, in part, is to jve both STB and shippers/stakeholders greater trarisparency Into railroad operattrig cohdittehs. : , : 
* STB has two ongoing proceedings on tali business practices EP71T concerns ojmpet'rtive access Iri the railroad 
industry and whether to revise agency rules governing shipper reguesK for competitive access to another railroad. . f { 
IP 665 would ensure that STB's rate complaint procedures are accessible to grain Rippers and. ptoside. effectlv* i 
protection against unreasonable freight rail transportation rates. ; , 

Safe^. DOT asdpfher Federal agencies have been taking ardonifo respond to heightened awareness and cotreern over rails:^ 
ishipMehts rfcrude-Blfrom the Bakke „ ^ - 

|j|«|®i'ifdtdisa8i\^fthe^d^ responders to oil/rail accident, in July 2014 DOT released a "lessons Learned 

IlillJSotihi^SdSeigrfiT^ key findings from a meeting of DOT and Virginia’s Department of Rre Programs to 
Illllf^is^dlradhSfeaS rnenagement officials, rsissgffs; . 

If Sf :%aile<tetaiSiheiigehcy Management Agency assessed training needs and reguirements m 28 states with oil rail routes 
If; ; , identified by. DOT, Fight of these states indicated a need for training, and the federal Emergency ManagewentAgewy 
Is working with these sates to prioritize and ensure their participation it) currently available programs, i .. 

, • Thefipelttie and. Hazardous Materials Safety Administration issued a Notice of Proposed Rulemaking pBAugUSttyi^^iA 
2014, which contains comprehensive proposed standards to improve the rail transportation safety of flamthafele : . . 

. : iiguHs, including unit, trains of. crude oil and ethanol. A final rule is anticipated to be issued In roM-20t5if: i , : : f f ; 

. , ; and Hazardous Materials Safety Administration and the Department of Energy have entered into an -i 

agreement to conduct research and darelopmem on the properties finduding behavior in fires) of unconventional crudes; : 
Ss;;;,;: The interagency Natioiial Response Team Training Subcommittee laimched Emerging Risks llesponder Awareness , s i 
® Training for Bakken Crude Oii to help responders better prepare for these Incidents,' The training is available online. 

si- Average coal unit trafo loadings versus plailned kadings. By crral production region. 


.TlTepartment of Trahspoftatioa, Surface Transp 0 fmttonBoffird,"UHfted States RaBSService Issues." p.l. Docket hfo.EP-724,ss:'ss^^^^^^ 
S'. December 30, 2014. httpyAivww.stB.dotgov/dedSionsAieadingrciom,ftsf/WebDecisiortiDM3?33. Accessed February 22, Zhlh, 
y 79 Fed; Reg. 45016. ‘Ti^zardmis Mateilak. Enhanced Thflk Car Standards and Operational Controls for DigH-Hazard Flammable 
is;Traim.’‘ August 1,2014. httpy/vvvvvv.gpo-govrtdsy5rpkgB4Dt4.4)S451/pdfQ0l4Tl 7764-pdf. Accessed Aprtt 1,2015. 
f sNational Response 'rean 3 .‘'Emefging RtsponderAwarene® Training: Bakken Grade Oilt 2015. 

:J:produetion/NRT7NRTWeb.nsf/AilPageseyTitie/SPaEB)efgirig®ksRespt>ndetAwarenesslTainingBakkenCrucleOit%282||| 
%29ZOperic!Qcument Accessed March 17,2015. 
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QER Recommendations 


RAIL TRANSPORT 

I In light of the significant activity undertaken by the Administration in recent years, and the fact 

l that some of these proceedings and relevant interagency research projects are still in progress, 

I additional major recommendations should await finalization of these initiatives before next steps can 
I be determined. In the interim, recognizing the crucial role that rail will continue to play in energy 
1 commodity transport, we recommend continued focus on the following: 

I Enhance the understanding of important safety-related chaUenges of transport of crude oil 
I and ethanol by rail and accelerate responses: The cooperative work of the Department of Energy 

5 (DOE) and the Pipeline and Hazardous Materials Safety Administration, as well as the forward 

I movement of strengthened safety regulations at the Department of Transportation (DOT), should be 

? strongly supported. 

I Further analyze the effects of rail congestion on the flow of other energy commodities, such 

i as ethanol and coah DOE, the Surfoce Transportation Board, and the Federal Energy Regulatory 

i Commission should continue to develop their understanding of how rail congestion may affect the 

I delivery of these energy commodities. 

f Anal)^e the grid impacts of delayed or incomplete coal deliveries: In assessing these issues, DOE, 

I in coordination with relevant Federal agencies, should examine the role of freight rail in utility 

I operations, the growing complications created by freight infrastructure constraints on multiple 

energy products and other bulk commodities, and whether a minimum coal stockpile for electricity 
I reliability should be established for each coal-fired unit. 

i Address critical energy data gaps in the rail transport of energy commodities and supplies; This 
should include data on monthly movements of crude by rail. The Surface Transportation Board and 
the EIA should continue their cooperative work to share data and insights to improve the ability of 
! both agencies to better understand the changes underway in energy shipments by rail. Congress 
\ should provide the EIA with the funding increase requested in the Presidents Budget Request for 
1 Fiscal Year 20 16 to support this activity. 


Waterways, Ports, and Connectors: Status and Trends 

The greater Mississippi Basin and Intracoastal Waterways have more miles of navigable internal waterways 
than the rest of the world combined, and the U.S. Atlantic Coast has more major ports than the rest of 
the Western Hemisphere. The Nations coastal ports and inland waterways are part of a larger waterborne 
transportation network, sometimes called the Marine Transportation System (MTS).^ The MTS includes 25,000 
miles of navigable channels and related infrastructure, such as publicly and privately-owned marine terminals, 
intermodal connections, shipyards, and related repair facilities.® 


^ Connecting land-side infrastructure includes more than 174,000 miles of rail in the 48 contiguous states, as well as Canada and 
Mexico; more than 45,000 miles of interstate highway, supported by more than ! 15,000 miles of other roadways; and more than 1,400 
designated intermodal connections. Source: DOT. 

* The 25,000 miles of navigable channels includes 12,000 miles of inland waterways (including two intracoastal waterways) with 229 
lock chambers at 187 sites; and 926 coastal and inland ports (including the ports of the Great Lakes) with 13,000 miles of channels 
and 12 locks (not including the locks of the St. Lawrence Seaway). 
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Chapter V: Improving Shared Transport Infrastructures 


Waterborne transportation of commodities and other goods is critical to international trade and the U.S. 
energy economy The Nations coastal ports and inland waterways handle almost 2.3 billion tons of commerce 
annually. According to DOT, coastal deep-water ports alone handle 70 percent of our Nations imports 
and exports by weight. The expected growth over the next 30 years in the volume of imports and exports 
transported by sea will have "dramatic implications for Americas ports and transportation system and will lead 
to greater congestion at America’s coastal ports.”®* 

Unlike railways or pipelines, much of the waterway infrastructure is federally maintained; landside port 
and connector infrastructure used in conjunction with these waterways is often operated by state and local 
governments and private industry. The Army Corps of Engineers (USAGE) is responsible for managing and 
maintaining most of the Inland Marine Transportation System, including navigation locks and dams. Some 
locks are federally owned and maintained by DOT s Saint Lawrence Seaway Development Corporation in 
cooperation with the Canadian government. 

Energy commodities make up the largest proportion of U.S. waterborne cargo traffic, and waterborne commerce 
is essential to the energy sector. In 2012, crude oil, refined petroleum products, and coal were 55 percent of all U.S. 
waterborne cargo traffic by weight. Nearly 15 percent of all petroleum products consumed in the United States 
are shipped on inland waterways.*' Sixty percent of the oil Americans consume arrives in a U.S. port, including all 
of Alaska’s crude.®^ 

Growth in Waterborne Transport of Energy 

Similar to the trends in rail transport, new domestic energy production is spurring rapid growth in the 
waterborne transport of energy commodities and related products, increasing the demands on the existing 
system. Shippers of those commodities seeking options for low-cost, high-volume transport are turning to 
the Nation’s network of navigable costal ports and inland waterways.” In the near future, additional drivers 
of waterborne transport of energy commodities will likely include the exports of liquefied natural gas, the 
expansion of existing refineries, and the development of new petrochemical plants. Some estimates show 
greater than $125 billion in planned petrochemical plant investments, most of which will occur along the Gulf 
Coast and other U.S. waterways.®^ 

US. ports and inland waterways transported nearly 7 billion barrels of crude and petroleum products in 
2012.” Of that total, 2.5 billion barrels were transported on barges on the inland waterways from port to port 
along the coast or on the Great Lakes— or in intra-port transfers.* Utilization of barges for petroleum transport 
has risen dramatically, as shown by the sharp increase in refinery receipts by barge from 46 million barrels of 
domestic crude in 2010 to more than 210 million barrels in 2013 (see Figure 5-6). Despite a decrease in oil 
imports, barge deliveries of foreign crude have risen more than 60 percent since 201 1.” Barge transport of oil 
typically is inter-modal, where oil may travel by pipeline or rail to a terminal and then be dispatched on barges 
to cover the last segment of the trip to refineries.* This configuration is particularly important for refineries 
without rail access. 


Calculated based on 2012 data. The total petroleum products consumed are 18,000 to 19,000 barrels per day. Source: Energy 
Information Administration. “US Weekly Product Supplied.” wvvw.eia.gov/dnav/pet/pet_cons_wp5up_k_w.htm. Accessed January 
21, 2015. The total petroieum products moved on inland waterways in 2012 was 111,129 tons.Source: Army Corps of Engineers. 
“Waterborne Commerce of the United States: Calendar Year 2012.”Table 2-1. November 20, 2013. 0MB No. 0704-0188. www. 
navigationdatacenter.us/wcsc/pdf/wcusnatl 12.pdf. Corwersion from tons to barrels based on an average product density of 8 
barrels per ton. 

Domestic shipments by barrel were estimated using data on domestic shipment by short ton reported by the Army Corps of 
Engineers. Based on the composition of petroleum products in domestic shipments, average densities from the Energy Information 
Administration (www, eia.gov/cfapps/ipdbproject/docs/unit5vwthp6tro.cfm) were used to estimate an average conversion of 7.0- 
7.5 barrels per short ton. 

’ Therefore, while refinery-receipts-by-mode is a useful metric for showing utilization of a specific mode over the last miles traveled to 
the refinery, it is not necessarily accurate for cross-modal comparisons. 
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Figure 5-6. Annual Refinery Receipts of Domestic Crude Oil by Barge^^ 
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Refinery receipts of crude oil by barge have increased by more than 300 percent since 2010. 

Expanded use of inland waterways for the transportation of energy commodities and a corresponding increase 
in rail transport of many of those same products is one of the factors in the increased rates for barge shipments 
of grain and other commodities^ While barges have the lowest per-ton prices, they are geographically limited 
by access to navigable waterways and seasonal availability. Also, timeliness is a critical variable; it can, for 
example, take 1 1 days to move grain by barge from Minneapolis, Minnesota, to New Orleans, Louisiana, by 
barge but only 4 days by rail** 

Total domestic movements of crude oil, including coastal ocean shipping, have also risen in recent years.” 

Most of the Nation’s refining capacity is located near a coastline. This allows refineries to receive, via 
waterborne transport, crude from foreign sources, domestic offshore production, and other port facilities, as 
well as to export refined products. Coastal barges and tankers, while less direct options than rail, could soon 
play a bigger role in moving domestic oil to East Coast or West Coast refineries. “ The cost of using domestic 
port-to-port transport routes is subject to the Jones Act.' Utilization rates of Jones Act tankers and barges are 
reported to now range from 90 percent to near the maximum achievable rate of 95 percent.*^’ 


The Mississippi River and the IlHnois Waterway are the primary inland waterways for moving agricultural products by barge. They 
are especially important for transporting bulk grains and oilseeds from the Midwest to export ports In the New Orleans region. Other 
important waterways for agriculture indude the Columbia River in the Pacific Northwest. Source: Department of Agriculture. “Study 
of Rural Transportation Issues.” December 2010. Alternative overland routes by rail to ports are also available and heavily used, with 
shippers choosing depending on price and distance to a commercial waterway. 

' The Jones Act refers to the Merchant Marine Act of 1920, which states that merchandise shipped between U.S. ports must be on a ship 
that was built in the United States, is flagged as a U.S. ship, and is owned and operated by U.S. citizens. Waivers have been issued for 
certain provisions of the act during national emergencies {e.g.. Hurricane Katrina. Hurricane Sandy, etc.). The Jones Act also applies to 
merchandise transport on the Great Lakes. 
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The 10 U.S. ports and port systems with the most energy-relied commodity shipments (coal, crude oil, and 
petroleum products), measured by tonnage, are shown in Table S-l.™ 

Table 5-1. Top 10 Port Systems by Total Energy Commodity Shipments, 2013 (millions of short tons)®^ 


Port Channel System 

Crude and 
Petroleum 
Products 

Coal 

Total Energy 

Energy as a 
Percent of 
Shipments 

Lower Mississippi (LA) 

161 

47 

208 

48 

Houston/Gaiveston (TX) 

200 

3 

203 

69 

Beaumont/Port Arthur (TX) 

115 

0 

115 

89 

Port of NY/NJ 

80 

<1 

80 

59 

Delaware River 

62 

0 

62 

82 

Corpus Christi (TX) 

58 

0 

58 

77 

Port of Virginia 

2 

50 

52 

66 

Lake Charles (LA) 

49 

0 

50 

88 

LA and Long Beach (CA) 

46 

2 

47 

33 

Huntington - TrIstate (WV) 

8 

32 

41 

87 


Energy shipment is concentrated on the Guif Coast, but half of the 10 ports moving the most energy commodities are found elsewhere in the Ur^ited 
States, The inland waterways are also important to the shipmer^t of energy commodities to and from coastal ports. 


The changes in energy commodity traffic are occurring as waterborne cargo volumes are increasing at some 
ports, a trend that will continue as the completion of the Panama Canal expansion project brings even larger 
"Post-Panamax”" cargo vessels to U.S. harbors." Overall marine freight by tonnage through coastal ports is 
expected to increase domestically between 2010 and 2020,®^ while over the next 20 years, the total volume of 
imports and exports through U.S. ports could double.®^ 

Future Investments in Waterborne Transportation Infrastructure 

These relatively recent and rapid increases in energy-related demands for waterborne transport have brought a 
new focus on the Nation’s port and related infrastructure. DOT s "Beyond Traffic 2045” report®® concludes that 
“Looking to the future, several critical trends will have a major impact on the performance of critical marine 
links in our transportation systems.” They include the following: 

• Increasing imports and exports and containerized freight will lead to greater congestion on Americas 
coastal and inland ports. 

• Investment in ports, harbors, and waterways will be essential to meet the demand of increased trade and 
competition.” 


For this analysis, Port Channel Systems refer to a group of ports on a single Federal navigation channel. Houston/Galveston 
comprises Houston, Galveston, Texas City, and Victoria. Lower Mississippi comprises New Orleans, Baton Rouge, Plaquemines, and 
the Port of South Louisiana. Port of New York/New Jersey comprises New York City; Albany; and Newark, New Jersey, Delaware River 
comprises Philadelphia; Marcus Hook, Pennsylvania; PauUboro, New Jersey; Camden-Gloucester, New Jersey; New Castle, Delaware; 
and Wilmington, Delavrare. Port of Virginia comprises Newport News and Norfolk Harbor. 

" Post-Panamax ships are those that cannot fit through the current size of the Panama Canal. Expansion of the canal now underway 
will significantly increase the size of ships that can pass through it 
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Funding mechanisms for maintaining or improving coastal ports, inland waterways, and related infrastructure 
is a shared responsibility. The available funding sources d^end in part on the nature of the investment and the 
type of infrastructure involved.®^ 

Under current law, the Federal Government is authorized to pay all operations and maintenance costs for 
inland waterways and generally for half the cost of the construction, replacement, rehabilitation, and expansion 
of locks and dams on these waterways. The other half is paid for with an excise tax on diesel fuel used on the 
27 fuel-taxed inland waterways, which in effect is deposited in the Inland Waterways Trust Fund.*® 

The Federal Government is authorized to pay 100 percent of the cost of eligible operations and maintenance at 
coastal ports for all work at depths up to 50 feet depth. For channels at coastal ports, the Federal Government 
provides a 50 percent to 90 percent cost share for new construction (this varies by channel depth needs and 
contributions by sponsors).*^ There are two port channel systems in use or under construction that exceed 50 feet 
depth — Los Angeles/Long Beach and Seattle/Tacoma — both of which have limited needs for maintenance 
dredging. Additional ports have been authorized to depths greater than 50 feet and may require non-Federal 
maintenance dredging expenditure, but construction has not yet begun. 

improving inland Waterways 

The largest categories of tons of commodities shipped on U.S. inland waterways are coal and petroleum (by 
tonnage). Together, these energy commodities were 57 percent of goods transported on inland waterways in 
2012.^® In addition, a significant proportion of chemicals and crude materials shipped on inland waterways are 
energy related (see Figure 5-7). 

Figure 5-7. Inland Waterborne Shipments by Commodity, 2012 (by weight)^’ 

# Coal 

0 Crude Materials 
® Food and Farm Products 

# Chemical & Related Products 

# Primary Manufactured Goods 
■# Other 


Energy commodities are the dominant commodity group in U.S. waterborne cargo traffic. In 2012, crude oil, refined petroleum products, and coal 
were 56 percent of all shipments by weight on U.S, tnlarrd waterways. Energy commodities were a similarly large portion by weight of all domestic 
and international waterborne shipments in the United States. 
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Inland locks and dams are a critical component of the Nations inland waterways system. More than 55 percent 
of the navigation lock chambers were built in the 1960s or earlier, yet almost half of the overall tonnage 
moving on the inland system passes through them.^ According to a joint USDA/DOT study, “Although aging, 
the locks and dams on the river system are generally reliable. As locks age. however, repairs and maintenance 
becomes more extensive and expensive.”^ The Corps gives priority to the structures that support the most 
commercial traffic, and invests heavily in their maintenance and periodic rehabilitation. Maintaining the 
locks and dams of the inland waterways is becoming more costly over time, due primarily to two factors - the 
condition of some of the components, as well as cost increases in the broader economy. 

The Administration has made progress in reducing time losses from lock closures in recent years. Due in 
part to Federal investment, the number of main lock chamber closures on high and moderate commercial 
use waterways (those that carry at least 1 billion ton-miles of traffic annually) due to preventable mechanical 
breakdowns and failures lasting longer than 1 day and lasting longer than 1 week has decreased significantly 
since fiscal year 2010. Non-mechanical failures— such as weather, drought, floods, ice, and current conditions— 
also create unscheduled lock outages, so impacts from climate change may play a role in inland waterway 
availability in the future (see Figure 5-8). 

Figure 5-8. Hours of Lock Unavailability on U.S. Inland Waterways, 2000-2014^* 


Hours (thousands) 



■ Sched Non-Mech ■ Sched Mech Unsched Non-Mech ■ Unsched Mech 


Progress in reversing the trend of increasing outages due to unscheduled mechanical breakdown must continue for the inland waterways to remain 
a reliable and affordable transportation option for shippers. 

A typical round trip from New Orleans to the Upper Midwest and back on the inland waterways can take up 
to 30 days. Although shippers expect to encounter occasional delays due to weather and equipment related 
conditions, according to USAGE, “Shippers recognize that the inland waterways are a low-cost method of 
transportation,. .they will encounter a delay on some trips due to a weather or equipment related conditions 
but they remain uneasy about the reliability of this system, noting observed trends in availability. To the extent 
that system outages disrupt waterborne service, shippers and carriers will experience additional, sometimes 
unexpected, costs.”^® In spite of these risks, shippers move roughly 600 million tons of cargo annually on the 
inland waterways. 
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Inland shippers that want to move a product more quickly over long distances generally have the option to 
use rail. However, strong demand for rail due to increased oil, petroleum products, sand, ethanol, and more 
recently, coal (after a decline coal transport is on the upswing again), combined with track delays and rail speed 
reductions, has reduced rail transport options. According to USDA, in 2013-2014, “rail service in the United 
States is currently operating near full capacity as the United States recovers from the recession and production 
of ethanol and unconventional oil and gas are near record highs. Because railroads are operating near full 
capacity, transportation disruptions (e.g., adverse weather conditions or an unexpected sudden surge in 
demand) are likely to cause performance problems for rail transport. In addition, routine track maintenance by 
an individual railroad may result in longer-than-anticipated disruptions in certain areas and can lead to delays 
that spill over to the larger parts of the connected rail system,”” 

On the principal inland waters, which carry 90 percent of the traffic, additional capital investment beyond 
current funding levels will be needed to maintain the current level of performance into the future. To address 
this concern, the Administration has proposed legislation to reform the way that the Federal Government 
finances capital investment on these waterways.” Fxmding for water infrastructure is split between Federal and 
users of these waterways. The changing domestic energy landscape presents an opportunity for Federal and 
private sector investment to accommodate new needs that are not reflected in current project plans. 

Port and Harbor Infrastructure Investments 

On November 12, 2014, Vice President Biden issued a call to action for greater investment in U.S. port facilities, 
noting,“We are investing less than 1 percent of our gross domestic product in transportation infrastructure... 
ranking 28th in the world among advanced nations. That is simply unacceptable...we need to do everything we 
can to ensure that the whole infrastructure system is connected, especially to our ports.” 

Large ports generally are able to successfully handle todays levels of cargo at the current funding levels 
for harbor maintenance and related work, although, as noted, port traffic is expected to grow over the next 
decades. However, some carriers may need to proceed more slowly due to hazards, or to light load their vessels, 
or offload some cargo to smaller vessels. Depending on the channel conditions, tankers or other vessels may 
encounter arrival or departure delays (e.g., until another ship has moved through that section of the chaimel, 
or until high tide) or restrictions that reduce the recommended vessel draft (which can aflfect how much cargo 
some ships can hold). 

An example can be found in Louisiana’s Calcasieu Ship Channel, which provides access to the Port of Lake 
Charles— the 13th largest deep sea port in the Nation and an important maritime hub for the U.S. energy 
industry — and could be used in the near future by liquefied natural gas tankers to access federally approved 
gas export terminals. In 1968, USACE deepened and otherwise improved the Calcasieu River and Pass to 
the current authorized Federal dimensions of the channel, which are 400 feet wide and 40 feet deep. USACE 
dredges the most critical reaches of the channel annually, but shoaling reduces the channel to less-than- 
authorized dimensions (see Figure 5-9). To help address reduced depths and channel narrowing, which reduces 
the efficiency of commercial operations, the Calcasieu River and Pass Federal navigation project received 
$27.7 million of fiscal year 2015 Operation and Maintenance funds, which will allow the Corps to dredge the 
most vital portions of the channel to optimize safety and efficiency. 
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Figure 5’9. Calcasieu River Ship Channel, illustration (not to scale) of Authorized Dimensions and Example 
Conditions Where Shoaling Occurs^^ 



Inadequate dredging can lead to shoaling and narrowing of channels, forcing tanters and other large vessels to reduce cargos, idle until high tide, or 
be subjected to one-way traffic restrictions. 


Another example of the role of maintenance dredging is the main channel of the lower Mississippi River 
between Baton Rouge and the Gulf of Mexico. In 201 1> shoaling in some areas led those who are responsible 
for vessel operation to place restrictions on certain parts of the river, until USAGE addressed the concern by 
performing additional maintenance dredging.” 

USAGE is working to develop better analytical tools to help determine the appropriate spending level for 
harbor maintenance and related work at coastal ports, based on the economic and safety return, as well 
as a comparison with other potential uses of available funds. The sufficiency of a channel for commercial 
navigation depends upon the economic and safety return from an additional potential increment of 
maintenance work, which in turn is a function of actual traiBc utilization patterns, the condition of the 
channel, and other factors. 

Dredging varies from port to port. Due to geographic differences. Gulf Goast ports generally silt in more 
quickly — and thus require much more maintenance dredging— than many ports on the East Goast or West 
Goast.*^ Ports in the Great Lakes region also require significant maintenance and account for a major portion 
of the Gorps’ dredging activities. Regardless of where a port is located, the proper placement of dredged 
material can be a significant portion of the total cost of dredging. A discussion of the environmental aspects of 
dredging materials is contained in Ghapter VII (Addressing Environmental Aspects of TS&D Infrastructure). 

Port Connector Infrastructure Improvement 

Getting crude oil from the wellhead to refineries or terminals on the coasts has become increasingly multi- 
modal, often utilizing a combination of pipe, truck, rail, barge, and tanker transport. These infrastructure 
systems already play a major role in moving petroleum products, coal, biofuels, wind components, and other 
energy-related materials and equipment through the Nations system of public and private ports and related 
facilities. In addition to the navigation- related maintenance and construction, the landside port connector 
infrastructures that provide largely “first and last mile” access between ports and the national freight network 
need investment to accommodate the increased intermodal movement of domestic petroleum. Because of the 
variety of infrastructures involved, however, stewardship of port connectors is complex, with improvements 
that may be funded through a combination of Federal, state, local, and private investments. 
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DOT reports that connecting roads to ports had twice the percent of mileage with deficient pavement than 
other non-interstate Federal highway routes, and connectors to rail terminals had 50 percent more mileage in 
the deficient category.®^ In a recent survey of port authorities, more than one-third of respondents said that 
intermodal connector congestion over the last 10 years has caused port productivity to decline by 25 percent to 
50 percent.®^ 


Port Connector Congestion” 


The head of the American Association of Port Authorities recently desorM road congestiort at the Port o Balhmo e 
"in Baltimore, thousands of cargo-laden trucks armuaify travel 53 imffion miles over some of the city's most 

congested roads and release an extra 175,000 tons of cart>on#sette to move cargo from the Maryland Port Acmm stmnon’s 
busy Seagirt and Dundalk marine terminals. These extra mil« wtd emi^ons «)uld be eliminated after consti action of die 
proposed Broening Highway CcsTidw In^rm/ement Projea that would reirface the dty's Colgate Creek Bridge and c 
new primary transportation link between the port and Interstate 05. The project's price tag is estimated at $32.miflton.” 


’ Nagle, K. “Port Iitfermodal Gormections Gruci^ to S»q)}^ Chain LogS^cs Ikavel & Industry Developmcn* \o% ember 

: 4,2014. http://vvww.tradeandfndustfydev,corn7industrvAogistrc5-warehouslrig-d-btrit)utJon/porl-)nterrr.oda}-cortnecttors- 
■ crucial-suppfy-cha!n-F9738., 


The surge in waterborne and rail shipments of crude may be a factor in delays at some inland and coastal ports. 
For example, freight traffic through the Port of Albany has experienced delays, reportedly due largely to a new 
influx of trains carrying domestic crude oil.*^ Port congestion in Baltimore is increasing the time that vessels, 
trains, and trucks idle, thus exacerbating air quality conditions in the area.®"* While the situation in Baltimore 
appears to be temporary (the port has plans to address the concern^), these examples show how the condition 
of port and related infrastructure can sometimes compromise public safety and air quality or degrade natural 
environments. 

A more efficient system of port connectors could help address these and other problems and is discussed in the 
recommendations for this chapter. Funding for better emissions control technologies and strategies in ports is 
discussed in Chapter VII (Addressing Environmental Aspects of TS&D Infrastructure). 

Economic Return from Investments in Coastal Ports. Inland Waterways, and Connectors 

The Nation’s coastal ports, inland waterways, and related infrastructure are part of the national freight 
transportation network and contribute to the economy. The condition of this infrastructure can affect 
the competitiveness of the US. economy, including the energy sector. As the level of traffic in waterborne 
commerce has increased, the Federal Government, states, local governments, local port authorities, and 
the private sector have made investments to maintain and improve the performance of this infrastructure, 
promoting economic efficiency. However, external analyses have found that delays due to inadequate 
infrastructure in inland waterways and ports have impacts on business sales and jobs; these losses are expected 


^ See, for example, the Broening Highway Corridor Improvement Project. archive.baltimorecity.gov/Government/ 
AgenciesDepartments/Transportation/TIGER/BroeningHighwayCorridorImprovementProject.aspx. 
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to increase absent a focus on reversing the deterioration of inland waterways and ports.'^ Targeted high-return 
investments in this part of the national freight transportation network could strengthen the overall US. 
economy. 

In addition, an assessment of the state of waterborne infrastructure also raises concerns about its reliability and 
resilience, which are described in more detail in Chapter II (Increasing the Resilience, Reliability, Safety, and 
Asset Security of TS&D Infrastructure). 

The analysis of potential investments can change due to several factors. For example, USAGE will need to 
consider the changing domestic energy landscape in some of its project plans, such as where an increase in 
energy-related commodities through one or more of the ports, locks, and dams has occurred that may be large 
enough to affect an investment decision; also, energy is only one of many factors to consider when making 
decisions about infrastructure investments. 

Opportunities for Public-Private Partnerships in Ports and Waterways 

In his call to action. Vice President Biden noted that after years of underinvestment, more than $90 billion 
in improvements are needed to prepare for a signihcant increase in shipping over the next several years, 
saying that “Ports can expect to ship 50 percent more cargo by 2020 than they do now, and that’s probably a 
low estimate.” He also highlighted the opportunity that ports have to deliver projects through public-private 
partnerships.*^ 

As noted, there is a distinction between responsibilities for landside and waterside facilities at ports. Landside 
facilities at ports are generally under the control of local port authorities. The Federal Government, however, has 
substantial responsibility for many waterside activities, in particular, for maintenance of the authorized Federal 
portion of the main channels and associated features such as turning basins, and for related work. The National 
Research Coimcil, in a study of USAGE funding for water projects, found that “Future Corps water resources 
activity will be less dedicated to construction of major new civil works, and more heavily focused on operating, 
maintaining, rehabilitating, and upgrading existing infrastructure. . . [and] deferred costs for maintaining. . . 
commercial navigation are considerable.”** Some cases of deferred maintenance, however, reflect decisions to 
perform channel maintenance dredging when the incremental costs are lower with more material to dredge, or 
when a channel’s traffic levels do not justify use of limited funds over other potential uses at that time. 

Increasing demands by the users and others for more Federal investment in coastal ports, inland waterways, 
and related infrastructure highlight the need for additional and innovative funding mechanisms and public- 
private partnerships. The National Research Council’s analysis of these and other issues concludes, among 
other things, that “The modern context for water resources management involves smaller budgets, cost sharing, 
an expanded range of objectives, and inclusion of more public and private stakeholders in management 
decisions. Two important implications of these conditions are (1) given current budget realities, the Nation 
may have to consider more flexible, innovative, and lower-cost solutions to achieving water-related objectives; 
and (2) USAGE will by necessity work in settings with more collaboration and public and private partnerships 
than in the past.”*^ 


A report prepared for the American Society of Civil Engineers estimated that waterborne shipping delays due to inadequate 
infrastructure in inland waterways and ports imposed $33 billion in costs on U.S. products in 2010; the report projected those costs 
(in constant 2010 dollars) to increase to nearly $49 billion in 2020 and $68 billion in 2040. Further, the report calculated that by 
jeopardizing the U.S. ability to provide the low-cost transportation needed to remain competitive in a global economy, the cumulative 
economic shortfall from deterioration of the inland waterways and ports will result in $1.3 trillion in lost business sales from 2012 to 
2020; $270.0 billion in lost exports from 2012 to 2020; almost $2.0 trillion in lost exports from 2012 to 2040; 738,000 fewer jobs by 
2020; and 1.4 million fewer jobs by 2040. 
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Uncertainty in U.S. Coal Exports 

U.S. coal exports peaked in 2012;®* in that record year. East Coast ports alone shipped 68 million tons, which 
was only about 65 percent of potential export capacity.*® Exports have declined since then, dropping in the last 
seven quarters ending in Quarter 3 of Calendar Year 2014.®° Notwithstanding this decrease in exports (and 
currently low global coal prices), companies that own and manage export terminals continue with long-range 
plans for expansion, focused on the potential for continued demand in Europe, Asia, and South America.®* 

Shifts in coal export destinations have produced associated shifts in the locations of ports serving the 
international coal trade. As shown in Figure 5- 10, exports to Canada have sharply declined since 2008, 
which has reduced coal tonnage passing through Great Lakes customs districts (including Duluth, Detroit, 
and Cleveland),®^ while rising exports to Europe and the Far East have increased tonnage through Norfolk, 
Baltimore, New Orleans, and Seattle.®* 


Figure 5-10. U.S. Coal Exports by Destination®* 

U.S. Coal Exports (million tons) 



2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 

■ Ail Other Countries Spain ■ Belgium ■ Morocco % France ■ Japan Germany 

■ Mexico ■ Italy ■ Canada ■ China ■ South Korea Brazil ■ Netherlands ■ United Kingdom 


Overall export volumes of U.S. coat have declined from recent record levels, despite growth in coal exports to countries in Europe and Asia. 
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Impact of Energy and Energy Component Transport on Multi-Modal 
Systems 

Ihe introduction of unprecedented levels of domestic and Canadian crude into interconnected pipeline, rail, 
barge and tanker, and roadway systems not only provides flexibility to shippers, but it has also introduced new 
intermodal stresses on the freight system and associated regulatory bodies. 

Roadways, Short Hauls, and Energy Production 

The domestic energy production boom is increasing roadway traffic for transport of both energy products 
and the materials and tools required to produce those energy products. For instance, a typical Bakken well 
completion requires roughly 2,300 drilling-related truck trips for machinery, sand, and injection fluids.®^ 

Trucks are also used for short-haul drayage of crude oil from the wellhead to gathering pipelines or rail loading 
terminals for long-distance transport. In North Dakota, well drilling has outstripped the development of 
gathering systems, leaving about 40 percent of Bakken production to be delivered to pipeline and rail terminals 
by truck. Demand for trucks has also increased downstream of production, as illustrated by the threefold 
increase from 2004 to 20 1 3 in refinery receipts of crude oil by truck, ^ a substantial portion of which — because 
of the location of refineries — occurs on roads and highways near ports and waterways. 

As a result of this new demand, trucking firms have reported a shortage of trained drivers, and firms in 
non-energy producing regions of the country are losing experienced drivers to the higher wages available 
in producing areas.®’ Trucks fill a very specific role that other transport modes are not well-suited to fill. 
According to the American Association of State Highway and Transportation Officials, “Local and regional 
cargo mostly moves by truck, since trucks are generally more efficient at short distances and provide door- 
to-door service to almost all freight shippers and receivers. At longer distances, typically beyond 400 to 600 
miles, intermodal rail becomes increasingly more competitive and can be used as a substitute for long-haul 
trucking.”®* While port-related truck traffic may represent a low-share of total truck traffic in a region, it tends 
to be highly concentrated on certain corridors and highly visible, and— unlike rail and waterborne transport- 
trucks share the infrastructure with the general public, thus making it of particular importance to adjacent 
communities. 

Another example of multi-modal stress from transporting energy supplies is found in transporting large 
quantities of sand for oil and gas production. In one county in Wisconsin alone, a 2012 forecast suggested that 
supplying sand to meet oil and gas production demand could require transport of 5 million tons to 7 million 
tons of sand by truck and rail, compared to 137,000 tons just 4 years earlier; 7 million tons translates into 
280,000 one-way truck trips and 500 unit trains.^The impact of such traffic on roads, rail crossings, and tracks 
is significant. 

Moving Large Energy Components on Shared Infrastructure 

Shared infrastructure systems are also strained by movement of large components associated with other energy 
resources beyond petroleum, ethanol, and coal. An example is found in transport of wind turbine components. 
Large Tvind components are both domestically manufactured and imported; in 2012, 40 percent of the total 
value of component imports moved through the Houston-Galveston area alone,*'” placing additional burdens 
on the port facilities and connectors that are responsible for moving these very large components. In 2012, an 
estimated 689 truckloads, 140 railcars, and 8 vessels were required to carry the turbines, blades, and related 
components needed to complete a moderately sized ISO-megawatt (MW) wind project.'®' 

Turbines have increased in size to maximize generation capacity, raising a range of complications for 
transportation and logistics.'®^ Typical turbine blade lengths in the 1980s were 5 meters to 15 meters. In 
the last several years, typical turbine blades have grown to 38 meters to 50 meters in length for generating 
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capacities of 1.5 MW to 2.5 MW,‘°^ and many blades deployed today exceed this length. Figure 5-11 shows the 
transport of an 80-meter blade bound for a 7-MW offshore test turbine in Scotland. The limits of the existing 
transportation infrastructures are now constraining component designs as manufacturers try to balance 
optimal energy production with transportability.’” 


Figure 5-11. Transport of Large Wind Turbine Blade”*^ 



As wind turbines continue to grow in size, project developers will face ^eater challenges in transporting components. This 80-meter blade is being 
transported to a 7-MW test turbine in Scotiand, 


Transporting components of this size requires coordination of movement through ports, tunnels, overpasses, 
and turning areas,’” and often puts significant stress on small and rural roads. The larger and more complex 
wind projects become, the more developers will be challenged by Federal vehicle weight limits^ and differing 
state and local requirements for issuing permits for oversize and overweight vehicles. Nacelles* for new turbines 
can weigh more than 80 tons’'’^ and, according to the American Wind Energy Association, “A truck carrying a 
tower section must be able to support a load ... that is over 30 meters long and weighs over 150,000 pounds.”’” 
In addition to limited availability of specialized trailers for blade transport, projects are also challenged by the 
availability of the large mobile cranes capable of lifting the very heavy components onto tall towers, and the 
cranes alone may require more than 100 semi-tractor trailers to move between projects.’’* 

The National Energy Renewable Laboratory has underscored these logistical concerns, noting that “The 
challenges and costs associated with transporting taller towers and very long blades with wide chord lengths 
also affects wind plant deployments and will become more constraining as wind turbines increase in size 
and height. Similarly, trucking heavy nacelles and blades with larger root diameters could become challenges 
meriting additional attention.””*’ Increasingly complex logistical challenges are requiring shippers to use a 
variety of land transportation methods and modes, resulting in increased project costs of up to 10 percent of 
capital costs for some projects.’” 


Federally mandated maximum weights for the National System of Interstate and Defense Highways and reasonable access thereto (23 
CF.R. § 658.17): 80,000 pounds gross vehicle weight; 20,000 pound single axle weight; 34,000 pound tandem axle weight. 

A nacelle is the box-like component that sits atop the tower that contains d\e majority of the approximately 8,000 components of the 
wind turbine, such as the gearbox, generator, main frame, etc. 
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There are similar logistical issues associated with moving large power transformers. Like wind turbine 
components, transformers require special permits for transport over highways. Though trailers for road 
transport are generally only around 70 feet long,large transformer units can weigh up to 400 tons.”^ Transport 
via rail requires a specialized car of which only roughly 30 are available in North America.^ Estimates suggest 
that transportation and logistics costs represent 3 percent to 20 percent of the total cost of a large transformer.”^ 

Administration Activities and Plans 

New per-vessel user fee to double the size of the Inland Waterways Trust Fund. This fund currently pays TO pe-ce- i 
i, of the federal cost for construclion, reptacement, rehabrlttattanr and expansion for inland wateiways (the other 50 percent 
dfitlffid from the General Fund of the Treasury), Inland Watetvisys Trust Fund finding is derived from a fuel taxon commercial 
my transportation on most of the inland wateiways. In 0e<ember2014, Congress authorized an increase in the fuel tax from the 
m-'' current $0.20 per gallon to$0.29per gallon, to take effect after March 31, 2015.The President’s Fiscal Tear 2016 Budget 
mmi proposes a new per-vesset user fee that wilt raise an additional $ t1 billion over the next 1 0 years.from the users, effective^ 

' doubling the level of resources available in the Wateiways Trust f und. These iirereased resources are allocated through annual 
acts (and would be maKhed by General Fund revenues). As such, the level of investment in inland waterways 
infrastructure can continue to be expanded to the extent that ft is matched appropriations from the General Fund. 

Department of Transportation/Maritime Administration StrongPorts initiative. This program is developing tools 

to port authorities that ate pursuing modernization projects, incMng those interested in pubiic*ptivafcs i 
StrongPorts initiatives Indude a Port Planning and Investment Toolkit that provides port authorities with a 
how-to guide for performing due diligence and developing an investment-grade projerJl a new "PortTalk' initiative aimed 
at helping ports to integrate these projects into state ttansportation department and raettopolitan planning organtatiorts' . 

tefrastniaure planning and funding processes; and direa technical assistance to ports interested in taking - c 

•ear advantage of Federal grant assistance. While the StrongPorts initiative does not provide fca fmandat assistance, -the mEBn% 5 
resource regarding financing for ports, More information can be feirstJ at a, 

vwvw.tnafad.dot.90Vfpott5jar)din9_page/StrongPorts/StrongPorts.htm, 

GROW AMERICA Act multi-modal freight grant program. The Administration's Fiscal Year 2016 Budget includes a new 
transportation Infrasttucture financing proposal— the Generating Renewal, Opportunity, and Work with Accelerated Mobl% 
Efficiency, and Rebuilding of Infrastructure and Communities throughout America Act (GROW AMERICA Act). This proposal 
includes $1S billion over 6 years to establish a new multi-modal freight grant program to fund innovative tail, highway, end , 

shippers and transportation providers a stronger role in working with states to collabwate and establish long-term freight 
■: strategtt- plans. 

Expanded funding for the Department of Tkansportation TIGER grant program. The Transportation Investment 
i Generating Economic Recovery CIIGER) program Is a competitive grant program that funds state and local transportation ; -bm 

|;||sicljias latidside inftasttucturefor ports and waterways, which can be diffwtlt to fund understate block grants. Since 20li!9,;! s ; s 
S t ® Congress has dedicated :$4.2 billion for TIGER projects, of which $400 milHon has gone to port-related projects. However, 
stit : TIGER is currently oversubscribed; in its most recent funding round, only 72 of 797 eligible applications vvere funded, 

‘*vs times the available $600 million was teguestedilheAdministtation's GROW AMERlCAAct proposal vyill provide $7;5 :biiflon : 

St; : "over Gyeats mote than doubling theTIGER compedtivegtanf program. 


5-26 QER Report: Energy Transmission, Storage, and Distribution Infrastrudure j April 2015 



274 


QER Recommendations 


PORTS, HARBORS AND CONNECTORS 

The shared infrastructures in inland waterways and ports that are important for waterborne transport 
of energy commodities need to be strengthened, both to accommodate the increased use of waterborne, 
rail, and road transport to move energy commodities and to recognize the key role these infrastructures 
play in domestic commerce, generally. Accordingly, we recommend the following: 

Support alternative funding mechanisms for waterborne freight infrastructure: Recognizing that 
no one entity or program can fully address the scale and diversity of investment requirements, the 
Administration should examine alternative financing arrangements for waterborne transportation 
infrastructure. The working group should develop strategies for public-private partnerships to 
finance port and waterway infrastructure. It should also coordinate and integrate Federal investment 
programs through DOT and USAGE and consider new user fee arrangements that better allocate 
costs to beneficiaries, as well as potential tax incentives. The Administration should also work to 
encourage non-Federal involvement in ports and inland waterways, targeting the beneficiaries of 
infrastructure investment identified in the needs assessment. Options would be informed by findings 
of the one-time comprehensive energy needs assessment for coastal ports, inland waterways, and 
I connectors, which would establish the foundation for providing additional support for projects at 

I energy-intensive port and harbors. 

I Support a new program of competitively awarded grants for shared energy transport systems: 

\ Reducing congestion from additional movement of energy commodities to and from coastal 

I ports and inland waterways, improving air quality, and enhancing public safety in and around 

i ports and waterways will help meet competiveness, environmental, and security goals. The DOT 
I Transportation Investment Generating Economic Recovery (TIGER) program has successfully 

I targeted investment in port connectors but it is not specific to energy and is heavily oversubscribed; 

! only 10 percent of past TIGER awards have gone to port connectors. A similar grant program— 
Actions to Support Shared Energy Transport Systems, or ASSETS— should be established and 
supported at DOT, operated in close cooperation with DOE; this program would be dedicated to 
improving energy transportation infrastructure connectors. The ASSETS program could provide 
significant benefits as a stand-alone measure while a new, more comprehensive infrastructure 
investment framework takes shape. 

The estimated scale of ASSETS investment could be on the order of $2.0 billion to $2.5 billion over the 
next 10 years, which would likely mobilize $4.0 billion to $5.0 billion in non-Federal investment, based 
on typical TIGER cost shares. 

I Support public-private partnerships for waterborne transport infrastructure: The U.S. freight 
I transport system is a complex blend of Federal, state, and local government and private sector assets, 

I as well as operation and maintenance investments. Developing a set of shared investment priorities 

I can ensure that both public and private needs are met. 
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Data, Modeling, and Analysis 

Policymakers, investors, managers, and users of shared transportation systems require better information 
in order to plan new infrastructure investments and optimize current operations to minimize the cost of 
congestion, limit environmental impacts, and ensure safety. However, the increase in multi-modal transport 
of energy and other commodities presents new complexities in understanding the interplay among rail, 
highway, and waterborne freight transportation. Furthermore, significant gaps exist in the data collected by 
various Federal agencies and, even where the data is collected, there are often long lags between commodity 
movements and the publication of data. 

As one example, the most granular source of multi-modal commodity, route, and origin and destination 
data now available is the Freight Analysis Framework.”® However, as a mechanism for understanding energy 
commodity flows, the framework has significant limitations. For instance, it is based on tlie Commodity Flow 
Survey, a joint effort of the Bureau of Labor Statistics and the Department of Commerce’s Census Bureau.”® 
The survey is derived from data collected every 5 years — a frequency that does not adequately capture the 
rapid changes in the energy sector. 


QER Recommendations 


MODELING, ANALYSIS. AND DATA COLLEaiON 

Coordinate data collection, modeling, and analysis: DOE should lead an interagency effort with 
DOT, USDA, USACE, and the Coast Guard— in cooperation with other relevant agencies with 
data regarding marine, rail, and other energy transport modes— to improve and coordinate their 
respective data collection, analytical, and modeling capabilities for energy transport on shared 
infrastructures. For example, DOE, leveraging the technical resources and expertise of the national 
laboratories, should work with DOT and USAGE to develop new modeling and analytical tools 
to establish a more comprehensive systems framework for analysis of MTS infrastructure issues. 

This modeling and analysis effort should apply the improvements in data on shared transportation 
systems recommended elsewhere in the QER and the ongoing efforts of the Committee on the 
MTS to improve maritime data. A concerted effort should also be made to improve the data in the 
Freight Analysis Framework and the Commodity Flow Survey and make this tool more useful as 
a mechanism for understanding energy commodity flows. This effort will enable better informed 
investment decisions by both government and industry through a better understanding of energy- 
related supply chain issues. 

Assess the impacts of multi-modal energy transport: DOE, working with DOT and USACE, 
should conduct a one-time comprehensive needs assessment of investment needs and opportunities 
to upgrade the Nations energy- related shared water transport infrastructure. The assessment should 
take advantage of the new analytics and modeling tools previously recommended to assess and 
prioritize investments from a systems perspective, taking into account the dramatic changes and 
projections of future use of shared water transport infrastructures due to changes in domestic energy 
markets, increases in vessel size, and other factors. The infrastructure investment analysis should 
identify the costs and benefits (including beneficiaries) in order to guide capital investment planning 
and identify equitable partnerships among the Federal Government, stale and local governments, 
and the private sector infrastructure users. 
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QER Recommendations (continued) 


MODELING, ANALYSIS, AND DATA COLLECTION 

Assess energy component transportation: DOE, in coordination with relevant agencies, should 
examine logistical challenges in the transportation of oversized or high-consequence energy 
materials, equipment, and components. The study will assess the capacity of infrastructure systems, 
such as roadways, waterways, and railroads, to safdy accommodate more frequent and larger 
shipments where energy analyses indicate such transport will be required. The study will also 
examine opportunities for coordination of Federal, state, and local permitting and other regulatory 
processes along affected transportation routes, as well as the role of private sector infrastructure 
owners and users in enhancing the safety and reliability of transporting certain energy-related 
materials components. 
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RECOMMENDATIONS IN BRIEF; 

Improving Shared Transport Infrastructures 

Enhance the understanding of important safety-related challenges of transport of crude oil and ethanol by 
rail and accelerate tesponses. Key activities at dieO^artmentof Energy (DOE) and Department of Transportation (DOT) 
should be strongly supported, ' , , 

Further analyze the effects of rail congestion on the flow of other energy commodities, such as ethanol and 

coal. DOE, the Surface Transportation Board, and d» Federal Energy Regulatory Commission sbrsutd continue to develop their 
understanding of how rail congestion may affectdiiederivety of fliese energy commodities. 

Analyze the grid impacts of delayed or incomplete coal deliveries. In assessing these issues, DOE and other relevant 
federal agencies should examine whether a minimum coal stockpile for electricity reliability should be established for each 
coat-fired unit. 

Address critical energy data gaps in the rail transport of energy commodities and supplies. Congress shojic 
fund the President's fiscal Year 2016 Budget request (or foe Energy Information Administration to address critical energy 

s!ms‘ transportation data gaps and continued data sharing with the Surface Transportation Board, 

Support alternative funding mechanisms for waterborne freight infrastructure, the Administration should form 
an ongoing Federal interagency working group to examine alternative financing arrangements for waterborne transportation 
infrastructure and to develop strategies for public-private partnerships to finance port and waterway infrastructure. 

Support a new program of competitively awarded grants for shared energy transport systems. A new grant 
program — Actions to Support Shared Energy Transport Systems, or ASSETS— should be established and supported at DOTj in ; : 
dose corjpetation with DOt This program should be dedicated to improving energy transportation Wrastrudttre connectors, , 
The estimated scale of ASSETS investment should be on the order of $2.0 bilton to $2.5 bllfion over the next 10 years, which, 
would likely mobilize $4.0 billion to $5.0 billion in non-federal investment, based on typical TiOER cost shares, 

Support public-private partnerships for waterborne transport infrastructure. Developing a set of shared priorities 
for investment ensures that public and private setter needs are met,;.-*,;. 

data collection, modeling, and analysis. DOE should lead an interagency effort with DOT, the Department 
of Agricutture, the Arrtty Corps of Engineers, and the Coast Guard— in cooperation wifo other relevant agencies with data 
regarding marine, rail and other energy transport modes— to improve and coordinate their respective data collection, 
anaiytlal, and modeling capabilities for energy transport on shared infrastructures. 

Assess the impacts of multi-modal energy transport. DOE, working with DOT and the Army Corps of Engineers, should 
conduct a one-time comprehensive needs assessment of investment needs and opportunities to upgrade foe, Natlon’s .enetgy- 
related shared water transport infrastructure. ■; ; vi'- 

Assess energy component transportation. DOE, in coordination with relevant agencies, should examine routes for , 
transportation of system-related equipment, materials, and oversized components. The assessment would include the capacity, 
sisiSAid^ the Nation's transportation infrastrutture systems to safely accommodate more frequent and larger shipments where 
analyses indiate such tfansport will be required. 
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Chapter VI 

INTEGRATING NORTH 
AMERICAN ENERGY MARKETS 


This chapter takes a broader look at the current energy trade and the 
continuing integration of energy markets and infrastructure in the North 
American region. Its discussion includes cross-border infrastructure with 
Canada and Mexico, impacts of climate change on energy infrastructure in the 
Arctic, and the evolving energy needs of the Caribbean region, For each major 
geographic focus of this chapter, the status of Administration initiatives is 
discussed and recommendations for further action are presented. 
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Chapter Vi: Integrating North American Energy Markets 


FINDINGS IN BRIEF: 

Integrating North American Energy Markets 


Overall North American Findings 

• The United States has significant energy trade with Canada and Mexico, including oil and refined 
products, gas, and electricity Canada is the largest atergy trading partner of the United States, with energy trade 

valued at $140 billion In 2013. Mexican energy tradewas valued at $65 billion in 2012. goth.countfesare reliable s 

' sources of secure energy supplies. 

• Greater coordination will improve energy system efficiency and build resiliency to disruptions of the 
North American energy market, data exchanges, and regulatory harmonization. 

Findings on Canada 

• The electricity systems of the United States and Canada are fully interconnected. Tnere are cu^entiy 

more than 30 active major transrrrission conrrections between Ore Utrited States and Canada, trading approximately if 

$3 billion worth of electricity in 2014. If the transmission projects filed with the Department of Energy in the last S years i 
are constructed, they would add approximately 4,100 megawatts of additional hydropower to the U.S. eleaiicity mix. 
■asiMi.:' Canadian natural gas production is expected to slightly outpace consumption with exports rising 
slowly over the projection period. Oil production is anticipated to continue to grow over the next 30 years, : 

Findings on Mexico 

• Mexico has reformed its energy sector. Mexico amended its coirstitution and reformed Its energy sectot wJOW 
retaining government control over its assets while opening oil and gas resources to private sector exploration and i ' 
development These reforms provide an opportunity for increased trade viitth the United Slates. 

• increasing U.S natural gas exports may help Mexico generate more gas-fired electricity and achieve its 

environmental goals, . 

Findingspn the Arctic ' 

• Changing climate conditions in the Arctic are expected to continue with the melting of permafrost and 

reduced sea ice extent, which will affect increasing energy development that is underway: This presents ; 
both an opportunity for greater cooperation between the United States and Canada, but alsoa need for both countries 
to undertake risk mitigation, ’ , 

Findings on the Caribbean " SssSsiiW'' 

• There is an opportunity to lower Caribbean electricity costs and emissions. The Caribbean is largely 
reliant on foreign sources of oil with little energy resources of its own. Energy demand is driven larger by ^tiricityi ; 
generation, mostly from fuel oil. A 30-percent decrease in carbon dioxide emissions could be achieved by displacement 

. of fuel oil by natural gas— and even more it this were combined with renewable energy. 
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Benefits of North American Energy System Integration 

The United States has a robust energy trade with both Canada and Mexico and the potential to increase its 
energy trade with the Caribbean region. Policymakers throt^out North America understand and value the 
benefits derived from our common energy market, our shared environmental and security goals, and the 
infrastructure that undergirds our economies. Individual projects and policies will continue to be evaluated 
by each government. This chapter considers the role of transmission, storage, and distribution (TS&D) 
infrastructure as part of a broader discussion of past energy trade relationships; current developments and 
trends in both Canadian and Mexican energy systems; ongoing initiatives for better market integration; and 
future challenges and opportunities, especially in the Arctic and the Caribbean. 

Energy trade in North America has a long history. The first recorded international electricity interconnection 
crossed the U.S.-Canada border near Niagara Falls in 1901.' For several decades, the United States largely 
has been a recipient of energy resources (whether for internal consumption or for refining and re-export). 
Developments in energy production, processing, and consumption in the past 10 years have dramatically 
altered North American energy flows. At the same time, U.S. electricity demand has fallen, and all three 
countries have begun implementing policies to reduce greenhouse gas emissions from their energy sectors. 

This changing North American energy landscape presents opportunities for increased integration of markets 
and policies to further energy, economic, and environmental objectives. 

In 2013, energy trade between the United States and Canada reached approximately $140 billion,^-^ and energy 
trade with Mexico exceeded $65 billion in 2012.^ Electricity, liquid fuels, and natural gas cross U.S. borders with 
Canada and Mexico at many points and in large quantities on an annual basis {see Figure 6-1). 

The 1994 implementation of the North American Free Trade Agreement— which prohibits most import 
and export restrictions, including those placed on energy commodities — did not apply to Mexico for energy 
commodities due to its constitutional provisions.^ As a result, while the North American Free Trade Agreement 
has promoted U.S. and Canadian energy market integration, it has been less successful in achieving energy 
market integration between the United States and Mexico. Recent regulatory reforms undertaken by Mexico in 
both the hydrocarbon and electricity sectors are anticipated to open its energy market to foreign investment, 
to present an opportunity for increased integration with the broader North American energy system, and to 
elevate the importance of its energy commodities in trade with the United States and Canada via the North 
American Free Trade Agreement.® 
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Figure 6-t. North American Energy Flows^ 
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Energy trade between Carrada and the United States dominates the North American market, but Mexico’s reforms provide an opportunify for 
increased integration and trade, the size of the arrows is roughly equivalent to the quads of energy of the imports or exports. 

Energy system integration is in the interest of all North American countries, as it expands the size of energy 
markets, creates economies of scale to attract private investment, lowers capital costs, and reduces energy costs 
for consumers. Expanding energy systems may also allow for the development of a more diverse mix of energy' 
resources (including renewable energy), processing facUities, and end uses— all of which increase energy 
security'. 
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TS&D infrastructure already playvS an important role in integration of North American energy markets. This 
infrastructure allows these markets to operate more efficiently and with greater resilience to disruptions. 

For example, the integration of the U.S. and Canadian electric reliability systems considerably enhances 
performance and resilience. Bilateral and trilateral collaboration among the U.S,, Canadian, and Mexican 
governments, as well as each country’s participation in multilateral energy initiatives, has also contributed to 
establishing and harmonizing the policies and programs most useful to the efficiency and resilience of the 
North American energy system. 

Energy Trade with Canada 

The energy relationship between the United States and Canada is highly intertwined. For many purposes, 
the energy sectors of the two countries are considered as one market. There are more than 80 transboundary 
pipelines and more than 30 electricity transmission lines (69 kilovolts or greater) that transport crude oil, 
refined products, natural gas, and electricity across the border.®-’ Although the predominant flow of trade is 
from north to south, it is not entirely one-sided. Canada is an overall net exporter of energy to the United 
States, but the roles are reversed in certain regions, particularly where there are infrastructure constraints. 

The Energy Information Administration (EIA) reported Canadian production of petroleum and other liquid 
fuels grew to more than 4 million barrels per day in 2013, an increase of more than 930,000 barrels per day 
from a decade ago (see Figure 6-2) and including 3.3 million barrels per day of crude oil and a small amount 
of lease condensate.’" Canada is the largest supplier of crude oil and refined products to the United States, 
exporting 3.1 million barrels per day in 2013." ElAs 2014 International Energy Outlook forecasts that Canadas 
petroleum production will experience 2.1 percent annual growth between 2010 and 2040, which would lead to 
a 51 percent growth by 2030.’^ 

Figure 6-2. Canadian Oil Production and Consumption, 2004-2015'® 
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With produaion growing and consumption flat, Canada's exports have irrrreased over the last several ^ars. Canada is the largest supplier of foreign 
oil to the United States, 


Q£R Report EnergyTransmissfon, Storage, and Distribution infrastructure j Aprii2015 6-5 



291 


Chapter VI: Integrating North American Energy Msritets 


Canadas National Energy Board projects that, starting in 2017 and continuing through the forecast period, 
natural gas production and consumption will closely track one another (see Figure 6-3).“'' However, the price 
for U.S. gas may influence this; according to some analysts, the low cost and increasing supply of Marcellus 
production could price western Canadian gas out of the market.*^ EIA projects that net pipeline imports from 
Canada will drop 80 percent in the next 15 years, from 2.0 trillion cubic feet in 2012 to 0.4 trillion cubic feet 
in 2030.’^’ This in turn could limit the need for new transborder natural gas pipeline development between the 
United States and Canada. 

The Dawn Hub, located in southeastern Ontario, Illustrates the multiple benefits of U.S. -Canadian regional 
natural gas system integration. Able to store supplies from western Canada, the U.S. Northeast, Midwest, and 
Gulf Coast, the underground storage facilities in the Dawn area held 221.9 billion cubic feet in December 
20 14,* '' and they are used to balance seasonal peak demand in Ontario and supply downstream marketvS in the 
United States.’’^ 

Figure 6-3. Canadian Natural Gas Production, Domestic Demand, and Net Available Exports through 2035’® 
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While Canadian natural gas production and demand are roughly equivalent in the 2017 to 2022 time frame, natural gas available for exports 
increases steadily after that through 2035. 

Both the United States and Canada benefit from a relatively seamless border that allows grid managers to 
optimize electricity generation assets on both sides of the border in order to improve electric reliability and 
efficiency. Currently, there are more than 30 active major transmission connections (69 kilovolts or greater) 
between the two countries, trading approximately $3 billion (U.S. dollar) of electricity in 2013.-’‘ -^ Three of 
eight North American Electric Reliability Corporation regions span the U.S.-Canadian border, coordinating 
among and setting standards for U.S. and Canadian utilities and regulators to assure electric reliability.-' Most 
Canadian electricity exports to the United States go to New England, New York, and the Upper Midwest, 
mainly from Quebec, Ontario, and iManitoba.^® Most U.S. electricity exports to Canada (about 75 percent) go 
to British Columbia, but U.S. exports made up only 18 percent of electricity trade between the two countries 
in 2014.^’ Applications filed with the Department of Energy (DOE) in the last 5 years for Presidential permits 
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for electric transmission facilities crossing the U.S.-Canada border suggest an increased interest in utilizing 
Canadian hydropower to meet demand in the United States. If these projects were to be constructed, they 
would add approximately 4,100 megawatts of additional hydropower to the U.S. electricity mix.®-^'^ This carbon- 
free generation has the potential to help the United States achieve its long-term greenhouse gas reduction 
goals. 

As noted, the United States and Canada share one of the world’s great inland lake and waterway systems in the 
Great Lakes and St. Lawrence Seaway. The Army Corps of Engineers lists more than 60 commercial harbors on 
the U.S. Great Lakes coast alone."^ In 2013, nearly one-quarter of all shipments in and out of U.S. ports in the 
Great Lakes system were energy commodities moving between the United States and Canada. In that year, 

7.4 million tons of coal and petroleum products moved across the Great Lakes.^' U.S. coal exports to Canada 
have fallen approximately two-thirds between 2003 and 2013, even as overall U.S. coal exports have grown 
more than 170 percent-— in part as a result of Canadian energy policies limiting coal use in the power sector. 
Imports of Canadian coal have also fallen by approximately one-half, from more than 2 million short tons in 
2003; although, their share of total U.S. coal imports has grown from 8 percent to 13 percent over the same 
lime period.^* 

Energy Trade with IWlexico 

In December 2013, Mexico amended its constitution and reformed its energy sector. The principal factors 
driving these decisions were, in part, Mexico’s declining oil production over the past decade (see Figure 6-4), as 
well as its interest in promoting economic growth. Mexico’s reforms retain government control and ownership 
of assets while opening oil and gas resources to private exploration and development. They also include new 
governance structures for Petroleos Mexicanos and the Federal Electricity Commission and four new contract 
structures for oil development that align with international standards. The reforms establish Independent 
System Operators to manage electricity transmission. The reforms also will gradually adjust the retail fuel 
market. In August 20 14, the Mexican Ministry of Energy announced “Round Zero” helds that Petroleos 
Mexicanos will retain, as well as “Round One” in which foreign companies will be allowed to participate for 
bidding through July 2015.^'^ 


Recent Presidential Permit applications received by DDEs Office of Electricity Delivery and Energy Reliability, National Electricity 
Delivery Division, indicate certain companies’ intentions to import hydropower from Canada. Specifically, Champlain Hudson 
Power Express, Northern Pass Transmission, and New England Clean Power Link would each deliver electricity from Hydro Quebec 
facilities. Great Northern Transmission Line would deliver electricity from Manitoba Hydro. 
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Figure 6-4. Mexico's Oif Production and Consumption" 
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Recent trends in Mexican oil production and consumption indicate a decline in production and largely stable consumption. The Mexican energy 
reforms seek, in part, to reverse these declines in production. 

Mexico’s energy reforms present an opportunity to increa.se energy trade with the United States and enhance 
energy security for the region. 

The main cross-border infrastructure needs, particularly over the last decade, have been natural gas pipelines. 
Since 2000, US. exports of natural gas have increased six-fold and are projected to continue to increase 
through 2030 (see Figure More than 5 billion cubic feet per day of new pipeline export capacity 

has been added during this time period, with about half that amount in the form of expansions of existing 
pipelines.'^ By 20 1 6, EIA projects that the United States will be exporting more than 1 trillion cubic feet of 
natural gas to Mexico annually, and, by 2030, that amount is expected to almost double.^'* This growth will be 
driven by continued increases in the use of natural gas for electric power generation, by demand for natural gas 
from Petroleos Mexicanos, and from consumers switching to natural gas when the infrastructure is in place to 
deliver additional volumes of natural gas. 
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Figure 6-5. U.S. Natural Gas Exports to Mexico^^-^ 

Bcf 

2,500 - - - 



■“ U.S. Exports Projected U.S. Exports 

Mexican demand for U.S. natural gas is projected to grow through 2030, in large part driven by continued increases in the use of gas for electric 
power generation and residential use. 

If Mexico’s energy reforms achieve the goal of reversing the decline in its oil production, it is possible that 
Mexico will serve as a larger source of U.S. oil imports in 2030. Alternatively, if Mexico’s refinery capacity 
expands, more of its oil may stay in the country, and Mexico may export refined petroleum products instead of 
crude oil-most likely overseas. 

U.S. coal exports to Mexico have doubled between 2003 and 2013, but their share of total U.S. coal exports 
remained below 5 percent throughout this period.’^ 

Currently, there is very little cross-border electricity trade between the United States and Mexico. Between 
southern California and Baja California, electricity is imported from a few power plants on the Mexican side to 
supply demand in the San Diego area, and a small portion of the grid in Baja California, Mexico, participates 
in the Western Electric Coordinating Council. At even lower voltage levels, a few ties connect southern and 
western Texas with the Mexican States of Tamaulipas and Chihuahua. Here, the transmission systems on either 
side operate independently, and trade mainly occurs during periods of constrained supply.^® 

'Ihere is potential for greater exchange of electricity between the United States and Mexico, particularly from 
natural gas-fired or renewable generation on both sides of the border. 
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TS&D infrastryctyres: Cooperation among the United States^ Canada, and 
Mexico to Achieve Common Objectives 

Going forward, enhanced system integration holds the potential to advance several objectives, including more 
efficient and smoothly integrated markets and protection of the environment. 

Enhanced coordination on energy data, which is important for the proper function of energy markets, 
including the planning, construction, and operation of TS&D infrastructure, requires that market participants 
and policymakers have reliable, transparent, and comparable data on the overall energy system. ITie benefits of 
integration would be greatly enhanced by harmonizing and improving the availability of relevant energy data. 

In addition, there are opportunities to build on past collaboration involving regulatory and industry 
counterparts to promote harmonization of relevant regulations, both with respect to energy overall and with 
respect to infrastructure specifically. Opportunities for further regulatory harmonization with both Canada 
and Mexico exist across different resources, types of infrastructure, modes of transport, market structures, 
energy security, and environmental protection. Engagement on these topics may be particularly important on 
regional and local levels, where it has been limited tn the past. Regulatory harmonization benefits regulated 
parties by eliminating duplicative requirements and generating savings in time or cost. It benefits consumers 
by lowering costs and making products available in both countries. It benefits regulators by enabling joint 
approaches to common risks. 

The near-seamless integration of the U.S.-Canadian electricity grid has occasionally resulted in blackouts 
spanning the border, but in regional crises, cooperation among Federal, state, provincial and local governments, 
utilities, and regulators has provided benefits and enabled faster recoveries. Cross-border assistance for 
emergency response happens regularly in the electric sector. 

Superstorm Sandy (2012) stands out among recent examples of North American cross-border emergency 
response to power outages and other extreme weather impacts on energy infrastructure. Due to the storm, 

2.7 million customers were left without power in New Jersey alone.-^^ Approximately 800 Canadian utility 
workers traveled to New Jersey to help restore power in the aftermath of Superstorm Sandy. New Jersey 
Governor Chris Christie declared December 6, 2014. “Canadian Utility Workers Appreciation Day” in response 
to their volunteered support."*® 

In late January 2015, Hydro-Quebec dispatched 180 employees and 75 trucks to the Boston area to assist with 
power outages due to the snowfall there in response to mutual aid requests coordinated through the North 
Atlantic Mutual Assistance Group (NAMA).** 'Ihe group includes 21 utilities among 13 states, the District of 
Columbia, and 4 Canadian provinces, and it represents 1 of 7 Regional Mutual Assistance Groups organized by 
the Edison Electric Institute."*^ 

Emergency response to electrical outages includes wheeling power through the grid to cover outages. A recent 
example of this practice occurred when Mexico supplied electricity to Texas to support Texas system operators 
threatened by blackouts."*^ 

In addition to collaboration on preparedness and re.silience, there are significant opportunities for the 
United States, Canada, and Mexico to cooperate on multiple initiatives, projects, and in international fora 
that promote clean energy and environmental responsibility. As Mexico develops its natural gas resources, 
better coordination of actions to mitigate methane emissions from natural gas systems, including TS&D 
infrastructures, could addrCvSS climate concerns on both sides of the border. Similarly, to the extent that 
transmission projects enable access to new, existing, or expanded hydropower projects, the use of Canadian 
hydroelectric generation and pumped hydropower storage could help achieve US. clean energy goals by 
providing a low-cost addition to current state Renewable Portfolio Standard programs and by smoothing 
variable supply from renewable energy.'”-^’ A 2014 Argonne National Laboratory study indicated that advanced 
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pumped hydropower storage could provide a range of grid management and cost reduction services to the 
Western Interconnection, including the Canadian provinces of British Columbia and Alberta and some areas 
of northern Mexico.'*'’ 

Such initiatives have precedent: the Columbia River Treaty, ratified in 1964, has for more than 50 years 
provided coordinated operational benefits for the U.S. Federal Columbia River Power System and the Province 
of British Columbia hydro system. The reservoir storage authorized by the treaty allows the United States and 
Canada to optimize clean, renewable hydroelectric power generation.^^ More recently, the Western Area Power 
Administration approved financing a portion of the Montana- Alberta Tie Line project— a 300-megawatt, 
230-kilovoit electrical transmission line allowing the movement of power between Montana and Alberta, 
Canada. The 214-mile (345-kilometer) line ties into the Alberta grid at a new substation located 9 miles 
(15 kilometers) northeast of the City of Lethbridge. The project supports ongoing development of a rich wind- 
powered generation resource and allows much-needed energy to flow in both directions, ensuring increased 
availability of supply of electricity into the U.S. Pacific Northwest and Alberta. Northern Montana and 
southern Alberta are home to some of the best wind energy sources in North America.’’* 

In addition to specific projects and regional programs, the United States, Canada, and Mexico have active 
governmental bilateral and trilateral engagements. At the 2014 North American Leaders Summit, leaders 
affirmed that energy is a trilateral priority and directed the three Energy Ministers to meet in 2014. Under 
a bilateral agreement between DOE and the Canadian Ministry of Natural Resources, signed September 
18, 2014, one of the five areas of cooperation between the two agencies is “safe and modern infrastructure, 
including cyber security.” Cooperative activities the agencies agreed to pursue are "sharing knowledge and 
exploring options to enhance reliability and security of the North American energy infrastructure.” Under the 
U.S. -Mexico High-Level Economic Dialogue, the United vStates and Mexico agreed to enhance communication 
and collaboration between our energy agencies and improve data and information sharing on U.S.-Mexico 
energy flows. In March 2015, the United States and Mexico also launched a high-level bilateral dean energy 
and climate policy task force to further deepen policy and regulatory cooperation and coordination. 

This cooperation is further extended through participation in multilateral efforts. The United States, Canada, 
and Mexico also participate in the Energy and Climate Partnership of the Americas, a flexible mechanism 
through which governments in the Western Hemisphere cooperate to accelerate dean energy development 
and deployment, advance energy security, meet climate challenges, and reduce poverty in the region. Mexico 
will host the second Energy and Climate Partnership of the Americas Ministerial on May 25-26 and chairs the 
Energy Efficiency Working Group. Canada chairs the Heavy Oil Working Group. 

In May 2015, Mexico will host the sixth Clean Energy Ministerial (CEM) in Merida.'*'* OEM is a high-level 
forum of the world’s major and forward-leaning countries working together to promote policies and share 
best practices to accelerate the transition to a global dean energy economy. Mexico participates in nine CEM 
initiatives, and through that work, it has developed voluntary standards for cool (reflective) roofs, including a 
national study on the energy .savings potential of cool roof deployment across the country, and it has drawn 
on international expertise on power system transformation to support its energy reform agenda. The CEM 
Clean Energy Solutions Center Ask- An-Expert service, which provides policymakers in emerging economies 
with up to 40 hours of free technical assistance from policy experts in CEM countries, has assisted Mexico 
with developing appliance standard.s and labeling programs, building certification rating incentives, and 
developing a clean energy policy database. Canada and Mexico have participated in CEM initiatives advancing 
efficiency through municipal lighting sy.stem replacements and the International Smart Grid Action Network, 
which has gathered and shared in-depth case .studies on advanced metering infrastructure and demand-side 
management. All three countries have collaborated on CEM-kd initiatives to support implementation of the 
ISO 50001 International Energy Management Systems Standards. 
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Canada and Mexico also participate in the Carbon Sequestration Leadership Forum, a Ministerial-level 
international initiative focused on developing improved cost-effective technologies for the separation and 
capture of carbon dioxide for its transport and long-term storage. Canada currently participates in eighteen 
projects, including the completed Alberta Enhanced Coal-Bed Methane Recovery Project, which aimed at 
demonstrating the feasibility of coal-bed methane production and simultaneous carbon dioxide storage in 
deep unmineable coal seams."^* 

The United States, Canada, and Mexico also cooperate in other fora, including the Asia-Pacific Economic 
Cooperation, the Major Economies Forum, and the International Partnership for Energy Efficiency 
Cooperation. 


Administration Activities and Plans 


Engagement on further integration of U.S., Canadian, and Mexican energy systems has led to a number of concrete outcomes, 
including the following; , , , , 

Data Exchange. The United States, Canada, and Mexico are creating a framework for the 'sharing of publicly availabie . . 
information and data on their respective energy systemiffils. initiative was formalized in a memofandumbf understandin^:.;:.:';:^^^ 
(MOU) signed by the Department of.Energy Canada's Minitrtry of Natural Resour^svand-Mexico’s Ministry of Energy;pnU^^ 
•December tSi 2014.The trilateral MOUcovers data, information, maps, and statistics that.are- publicly available 
any, information considered confidential, strategic, or fondamental for national securi^ and sovereignty reasqns)../!bbas v ^ vU 
of, cooperation include comparing energy-flow data between countries; geospatial informatiori: related to infrastruCturejU 
projections for cross-border flows of natural gas, electricity, crude oil, and refined.produc^;.and's;ec.t 0 fTerminp!o 9 y,' 1 ^),'b^ 
is expected to fadiitate.forther dialogue and joint and individual work productson eaGhfountry's^ .. .i' ; 

outlooks andlnforimat}bm^;v;;h\ ;■ T 

The Pres!d^ht's:fikal:.Year,2 provides an increase of $1 million to the EnergyT.nformatlphiAclmini^ 

purpose of collaboratjbh'withCaH^ Mexico to increase the quality, transparehGy;:and..ihl:egrati.Gh of en 

DIALOGUE WITH CANADA AND MEXICO ON THE QER 

Deve!oprpent,bf:th.e; Quad^ Review (QER) has provided an opportur^ity to.effgag6,Canada,,af);d..,Mexic6: 

dialogue on. the jritegrated nature bf;North American energy systems — including trarisrniS5.idhi:.stdrag^^^^^ 
infrastructureiThlS engagement iricluded. contacts with energy ministries.iri' Canada-and Mexico, Invitations to.public.entitieS : 
in those countries to. submit comrrients through'the QER process, and two formal dialogues: one.. wftH, the Ministry . of Naturai... 
Resources of Canada (September T9,-,20t4) and the other with the Ministry of Energy of Mexico (December 4,.20i4).'The ; 
formal dialogues.with Canada and Mexico included' participation from multiple relevant government agencies,, industry, . non-;:. 

. governmental: organizations, and academic mstitutiohS.Tiie input received from these sessions and. through the formal p'ublic. 
comment- process (as described in Chapter X, Analytical and Stakeholder Process) has been considered in developing- this.; . . 
section of the QER. 

Secretary Moniz, Secretary Joaqufn-.Coldwell, and Minto Rickford met on December , 15, 2014, in response tb the, call ;of the 
North'American'Leaders. They discussed in depth-a strategic vision for North America's energy sector and signed a trilateral . ; . 
memorandum of understanding'.. Key topics'included public energy data and statistics collaboration; Mexico's energy reform, 
its vision, perspectives, and opportunities for trilateraTcooperatjon; and creating resilient infrastructure for North America. 

^ Department of Energy. “Memorandum of Understanding among the Department of Energy of the United Stales of America 
and the Department of Natural Resources of Cahad^^^d the Ministi^ of Enei^gy of the United Mexican States Concerning 
Cooperation on Energy InformationrDecember 20i4. 
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QER Recommendations 


NORTH AMERICAN ENERGY MARKET INTEGRATION 

I There are opportunities to buiid on past accomplishments in further enhancing North American energy 
5 integration. Accordingly, we recommend that all three countries carry out the following: 

I Continue advances that have been made in the North American energy dialogue: All three 
I countries should encourage further business exchanges and regular minister-level engagement. 

I Increase the integration of energy data among the United States, Canada, and Mexico: Provide 
I resources for EIA to collaborate with its Canadian and Mexican counterparts to systematically compare 

I their respective export and import data, validate data, and improve data quality. In addition, efforts 

I should be taken to better share geographic information system data to develop energy system maps 

I and review forward-looking assessments and projections of energy resources, flows, and demand. 

I Undertake comparative and joint energy system modeling, planning, and forecasting: All three 
I countries should enhance comparative and joint modeling, planning, and forecasting among U.S., 

I Canadian, and Mexican energy ministries and related governmental agencies. The current scale 

I of activities has aided bilateral and individual goals; however, increasing trilateral engagement on 

I planning, modeling, or forecasting activities would capture greater efficiencies and enhance each 
1 country’s ability to reach economic, security, and environmental goals. DOE’s Offices of Energy Policy 
and Systems Analysis and International Affairs should lead modeling workshops with their Canadian 
? and Mexican counterparts to share methodologies and collaborate on North American analysis. 

\ Establish collaborative programs in each country for academic institutions and not-for-prohts 

to develop legal, r^nlatory, and policy roadmaps for harmonizing regulations across borders: In 
j partnership with universities, qualified not-for-profits, and relevant US. energy regulatory authorities, state/ 

i provincial, local, and national energy regulations will be compared to identify gaps, best practices, and 

I inconsistencies with regulations in Canada and/or Mexico with the goal of harmonization, 

I Coordinate training and encourage technical dialogue: This coordinated training and enhanced 
i dialogue of technical staff in government agencies of the three North American countries that share 
I similar responsibilities to evaluate and implement cross-border energy projects. 

Energy Security and the Arctic 

Energy delivery to remote areas in the Arctic— including diesel fuel for electricity generation and heating in 
remote communities, industrial uses in mining and other industrial operations, and military installations — 
increases costs due to the broadly dispersed market and challenges of transporting energy products. Through 
its Power Cost Equalization program for rural communities, the Alaska Energy Authority reported serving 
more than 190 remote or rural communities, which used nearly 28 million gallons of diesel for electricity 
generation at an average price of $4.21 per gallon in fiscal year 2014.^* 

impacts of CSimate Change on TS&D Infrastructure in the Arctic 

The entire Arctic is undergoing rapid changes on land and at sea due to the changing climate. Climate change 
is specifically affecting TS&D infrastructure in the North American Arctic region, including Alaska and 
U.S. territorial waters in the Bering, Chukchi, and Beaufort Seas, as well as Canada and its territorial waters. 
Warming in the Arctic region is resulting in increased risk of land subsidence from thawing permafrost, 
which threatens infrastructure.^^ It also leads to a reduction in late-summer sea ice extent, which increases 
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opportunities for offshore hydrocarbon and mineral exploration and extraction. The combination of these 
effects will likely affect Alaska and Canadian Arctic energy infrastructure onshore and offshore over the next 
several decades,^' These changes are becoming more significant as both the United States and Canada increase 
energy production in the region. Cooperation between the United Stales and Canada on a range of issues from 
Arctic energy infrastructure to climate and ocean science may become an important new dimension to the 
U.S.-Canadian energy relationship. 

Climate impacts— including primarily land subsidence caused by thawing permafrost, but also coastal 
impacts— are estimated to add between $3.6 billion and $6.1 billion (10 percent to 20 percent) to current costs 
of maintaining public infrastructure in Alaska over tlie next 20 years. Road, harbor, and airport maintenance 
comprise 57 percent of these projected additional maintenance costs through 2030.-'^ The design of the Trans- 
Alaska Pipeline System illustrates the challenges posed by building on permafrost. Elevated above the tundra 
for approximately 400 miles with supports that allow for extensive vertical and horizontal movement to 
prevent damage from seismic or subsidence incidents, the Trans- Alaska Pipeline System cost $8 billion to build 
in 1977— a sum that indicates the expense that such adaptive measures entail. A 2008 US. Geological Survey 
study estimated that major disruptions caused by subsidence activity requiring replacement of the Trans- 
Alaska Pipeline System pipeline sections could result in $1.25 million per kilometer in repair costs.^^ 

Climate changes aflect energy exploration, development, and infrastructure for acccs.s to resources. It also 
creates more unpredictable work seasons and transportation conditions. For example, since the 1970s, 
permafrost changes have led to a 50-percent decrease in the length of time during which oil and gas 
exploration on tundra is allowed.^' As transmission and storage facilities and vessels are increasingly employed 
to access Arctic energy resources, safety and spill and leak-prevention standards or regulations will also need to 
be tailored to the region given its changing climate and harsh conditions. 


Administration Activities and Plans 


The'AdiTiinishatiohJS;tprnri)}tted;i|^ balanced approachtpdlt:^biga^]IeaStng^,p|:^^ 

Ardic, reCdgnizingltsisiibst® as well as the marine and coasiattespurefe^^ 

depeiid dn .fbrsubsistence;^3n^ ecosystems that itharbpi^;lh'Pat§:20i53 

lnteriorTook:steps46 . resolve: judiciafdjficems that had' prevented a final decision on vVheth'er'td'award..lPasesiO'the:'^^ 

Sea undera 2008 oil and gas lease sale" and released a Proposed 5-Year Plan for additional offshore oil and gas exploration : 
that- solicited comment on three additional.lease sales In waters offshore Alaska dunng. the 20,1 7 :to. 2022: period.'* The 
Administration also moved to protea some sensitive undersea.areas rn the Beaufort and Chukchi Seas by withdrawing them ■ 
from future leasing for oil or gas exploration and developmenUThe Administration's policy Is to develop scientific.lnformatton. . 
and stakeholder feedback to proaaively determine, \n advance of any potential offshore lease sale, which . specific areas . . . .. 
offer -the greatest resource potential while'minimi 2 m.gpotemiaf.conflicts with, environmental, subsistence^ and multiple use . .. . . 
considerations.^ 

Department of the Interior. "Department Releases,Updated .A^essment for Chukchi Sea Lease Sale.” February 12, 2015. http;// 
in1,er»or.gQv-'r’ews/D!“essreleabes.';nterior-departfr)erU-fele5Ses-Jpdated-ai>cs>'-T>eni-for-di.Ach:->c3-irEivj-saie am. 
Accessed February 26, 2015. 

Department of the Interior. Bureau of Ocean Eneigy ^fetnagemeot ''201 7-2022 Outer Continental Shelf Oil and Gas Leasing 
Draft Proposed Program." lanuary 2015. httpi/Mww.bGem.9Gv^20.1 7 ’t 20224>PI¥. Accessed February 26, 201 5. 

' lheWhiteHouse.‘*PresidentialMemorandum. -,Withdrawai ofCertain Areas of the United States Outer Continental Shelf 
Oftshore Alaska trom Leasing Disposition’ January 27. 2015 httD//wwwwnitehoys€qo,''th£-prPvV'"bc‘^'?0'»o^"i27'' 
prestdent!a!-memortindum-Withdr3wai'<erta'in“aF8as-;unrt€d‘StatesrOtfter-CQmAccessedFebruary6,20I5. - 
^ Department of the Interior, Bureau of Ocean Energy Mam^ement. “2017-2022 Outer Continental Shelf Oil and Gas Leasing 
Draft Proposed Program." p. S-6. January 20i-5';-httur^wmv.boem,goVif2S17:-2i322.’-DPR/. Accessed February 26. 2015. 
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Administration Activities and Plans (continued) 


On February 20, 2015, the Department of the IntenWxfeteased'proposed.regttlationsfe'etisure^that future exploratory driJIings:^^.^ 
on the U.S. Arajc Outer Continental Shelf is condua^-safe^and fKipfflisIbfy, guided^.the highest operational standards, 

The proposed rule for.Arctic standards focuses soteydfr the Beaitfort Seaan&iCbdkdti Sea Planning Areas.'The .regulations 
seek to ensure that operators take the necessary s^Ktoplan andsafe^r^rate drtough all phases of offshore exploratfdn in 
the Arctic environment, including mobilization, drilling, maritfrro tfan^rtT afKl efnergency response. Ibe enhanced regulatoiy 
framework would ensure that operators and their conttaetors are af^foprratelyprepared forArctic.cbhditions and that ... ..v : 

: operators have developed an integrated operations plari'to a)vef ail'0|»raa}os. The proposed regulations released incorporate 
some of the lessons learned from Shell's 2012 operarionsvandmommendations from the Departmerii s n \'u v\. 

In additiori to these steps, at the request of Seaetary Qf-Enei^liaofie, the National Petroleum Council undertook a; iui IV i, i 
Arctic research requirements and the technology consftamts^at.must be aiWressed to ensure prudent oil. and gas resource ^:; V; 
development, advance U.S. energy and economic security, and ensure environmental stewardship , there. The study focused on 
techriplogycoristraints^roffehore oil and natural gas iKpds^^efepfrenC-primarily irt shallow depths,9 , : , 

In respdnk to energy needs in Arctic communities, the D^artmeftt of Energy's National Renewfable Energy Laboratory, m . v-, 
partnership with the Department of the Interior; dev^ped the Remote Communjties.Renewabie Energy partnership, which . 
aims to develop, demonstrate, and deploy smailer-scale. hybtUfeed; modular platforms to. haArest energy from focal .fenewable 
energy resources; reduce diesel fuel dependence and dlstobadoit requirement,, aiid create an independent microgrid ; ;:^^^: ; 

■ ,operation.'?^:v^V"' 

Beginning in April 201 5, the United Statos wll assurne the chairmans^ of toe Arctic .Council for a 2-year term and Vtfillv^ ; ^ 
propose collaborative initiatives for toe council to tmplemenCiff such areas as addreKihg the impact of epniate change and : 
Ar^lc Ocean stel'^ardship and scientific research. In advance ofthe chairmanship, .President Obama Issued an Executive Order ^ 
on January 21, 2015, establishing an Arctic Executive Steering Committee led by toe Director of the White House Office of 
• ^Science and Technology Policy.'-j . ... . . : 

■Within toe iUv^fcticCouhcil agenda under the Sustainable Araic Communities pillar, the State Department bs ptoposed i j^i^^^^ 
a suite of renewable energy programming to address region-specific barriers to project deployment and convening best 
;praGtices. These projects include constructing a hIgh-penetration wind-diesel hybrid system based on the Remote Community 
Renewable, Energy laartnership design in a rural Arctic community. The Arctic Council's Sustainable Development Working 
Group is also sponsoring an Arrtic Energy Summit in Fairbanks, Alaska, this September that wilt address errergy challenges 
' Including renewables, oil and gas development; remote and rural heal and power, and energy transmission and transportation. : 
The State Department also plans to sponsor an Ar«ic Renewable Energy business plan challenge through our Arctic embassies. 


* l^rional i^tifbleuhi Council, Cbittmittefe On Aiotic R€^rch,“Ari:U£: Potential: Realizing.the Promise of U.SvAretlG Oil and , ; , 

. ...G'as RosottCcesrMarch 31;2015. hTtp’/AAniWvmpcarctic|K)terrtialrec®rt;org^dt/AR Lxec SupttsoA' pdt. Accessed April 2, 

. '' :l?ittonali^OnewabIe Energy Uabofatory. “Remote Gommunity Reiwwable Eneigy Partnership.” 20 1 4. nttp 'f 

a!aska,renewab!eenergy.pfg/Vyp<onr.ent/upfoads/20ld/C)92HigbPehetrationMoc!u!arSy.stem,.,^6rianMifsch_NREL..pdf. 
Accessed,February26,2015. - 

* Executive Order No. 13,689. “Enhancing Coordinatitm trfbfebonal Efforts m the Artie.” 80 Fed. Reg. 4191. January 26; 2015, . > 

; ' http:/Avvvw.9po.gov/fdsys/pk^R-201 5-0 r-26/html/201 5-01S22-^htmv: 

, j ' statesof the Arctic Council are Canada,Oenihaifc Fini^d, Iceland Norway, the Russian Federation, Sweden, and ; 

toe United States. Other countries have observer status on the counciL Recent USv and European Union sanctions may affect i > ; 
coordination with Ruwia oyer the next few years. 
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Chapter VI: integrating North American Energy Markets 


QER Recommendations 


ARCTIC ENERGY TS&D INFRASTRUCTURE 

llirough the U.S. chairmanship of the Arctic Council and in partnership with Canada, the US. 
government should provide leadership on energy safety, reliability, and environmental protection in 
Arctic regions, and on improving energy availability in remote areas, through the following; 

Partner with Canada and the Arctic Council on Arctic energy safety, reliability, and 
environmental protection: DOE, the Department of the Interior, the Coast Guard, and the State 
Department should partner with Canada and other Arctic Council members, including the Arctic 
Regulators Forum, to emphasize research and information sharing on the effects of spills and the 
effectiveness of countermeasures, the identification and mobilization of the resources necessary 
to mitigate the effects of a pollution incident, and the development of international guidelines for 
preparedness and response in this logistically challenging region. 

Partner with Canada and the Arctic Council on energy delivery to remote areas: Additionally, 
under the Arctic Council, and domestically. DOE, the Department of the Interior, and the State 
Department should promote the Remote Community Renewable Energy partnership; first by 
developing, testing, and demonstrating its proposed modules in the United States and second by 
seeking avenues to deploy small-scale, hybridized conventional fuel-rene\vable generation platforms 
in other Arctic Council countries. 


Infrastructures for Diversification of Caribbean Energy Supply 

The Caribbean energy market is not large, but, given its proximity to the North American markets and energy 
systems, it could be a beneficiary of the North American energy renaissance. Current dependence on high- 
cost fuel imports for transportation and electricity generation is a major challenge for Caribbean islands, 
has local environmental and affordability impacts, and raises regional energy security and market concerns. 
Several strategies have emerged throughout the Caribbean to address the economic, environmental, and energy 
security issues associated with reliance on oil imports for electricity and transportalkm there. 

The principal cause of high energy prices for electricity and transportation is the reliance of many Caribbean 
islands on oil imports. Currendy, much of the Caribbean’s oil imports come from Venezuela through its Petrocaribe 
organization, financed in part by deferred payment structures.*' From June 2005 through the first quarter of 2009, 
Venezuela delivered approximately 90.5 million barrels of crude oil and refined products at an estimated $14 per 
barrel price reduction from market price among receiving countries.^ Recently, Venezuela has been cutting the oil it 
supplies under these terms, which, in some cases, is leading to supply shortages on the islands. 


On June 29, 2005, U Caribbean and Central American nations signed the Energy Cooperation Agreement, establishing Petrocaribe 
during the First Energy Meeting of Heads of State/Govemmentof the Caribbean on Petrocaribe, Presentiy, the now IS-member 
energy alliance contsists of Antigua and Barbuda, the Bahamas, Belize, Cuba. Dominica, the Dominican Republic, Grenada, 
Guatemala, Guyana, Haiti, Honduras, Jamaica, Nicaragua, Saint Kitts and Nevis, Saint Vincent and the Grenadines, Saint Lucia, 
Suriname, and Venezuela. 
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Risk and Resilience in the Caribbean 


Recent history has illustrated the potentially devastatlng coflseiquenGes^of natural disasters m the Caribbean. SmaiHsiantf 
Developing States, including many Caribbean natrons, lace high ti^-andpotentiaf losses due to their size, location, -economic 
characteristics capital stock, and investment ateRty For ejcampte, fte United Nanons reported that climate change leads to an^ 
additional $1.4 billion in the expected average anfiuahlOsses.assoaatedvtfidtwrKt darhage alone in the Caribbean through ,5 

2055.’ 

Apart from volatile energy prices, which affect Caribbean etectridty generation and transportation, Caribbean islands 

climate impactsto their energy infrastructure. Changes inpreofMtation.may impact.water availability on larger islands, -- ,v:^ 

including Jamaica. Haiti, and the Dominican Repubife, fw h^oetednG.and thermal, plants. Additional!' 

projections indicate greater impacts in the Caribbean (fae tovgrs^tM'onal and geophysical factors, anc 

affect coastal facilities, including power plants, ofl refineries and port facilities that receive oil and gas deliveries Tropical , 

storms represent a current and significant threat to Canbtean:js!ands,:and rccent storms have 

energy production and distribution infrastructure, Including damage to offshore platforms, pipelines, ra 

bridges. Given the region's current reliance on oil for electircfty gweiation. disruptions to trans 

impact energy reliability.” ' - 

Sinee.its establishment in 2007, the Caribbean Catastrophe Ristelnsurance Facility (CCRIF), the .world'* • ^ . 

risk pool, has made nine payouts for extreme weather events/ftropical^lones, excess rainfall, and trough systems), totaling 
nearly $27 million to six member countries.’^'^ P The CCRIF also performs regronai tropica! cyclone risk modeling in order to 
produce country profiles for its members. For example, using histone d^, exposure assessment, and tropicaheydone risk s;; - v 
modeling, the GCRIF profile of the Bahamas estimates a national loss of nearly $2.5 billion for a tropical cyclone with a 20’^ . v 
year return period;-.'. 


rtistainable; The Future of Gis: 
/Avww.preventfonweb.oet/e 


Opportunities for Clean Energy Supplies for Caribbean Nations and Territories 

Recognizing the need for tailored approaches to energy infrastructure in the region, the United States (with 
a delegation led by Vice President Biden) and several Caribbean partners developed the Caribbean Energy 
Security Initiative, which promotes and finances clean energy technologies in the region (see box on Current 
Administration Activities and Plans). 

Recent increases in U.S. natural gas production — as well as longstanding natural gas production in Trinidad 
and Tobago**— may also provide opportunities to export liquefied natural gas (LNG) to Caribbean islands. 

Tills could lower energy costs, address the variability of renewable electricity generation resources, and reduce 
emissions from existing fuel oil-fired electricity generation.®’ Making natural gas a viable fuel source in the 


Trinidad and Tobago is unique among the Caribbean island nations in its significant fossil energy resource base. It has long been an 
oil and gas producer, and it exports significant quantities of LNG — approximately 675 billion cubic feet of LNG in 2012. 
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Chapter Vi: Integrating .North A\meiican Eriergy Markets 


Caribbean would require the TS&D infrastructure associated with LNG imports. To date, Caribbean demand 
has been too small to justify the expense of the necessary infrastructure. However, a 2014 vStudy commissioned 
by the Inter- American Development Bank determined that establishing a natural gas supply chain in the 
Caribbean (based on small-scale LNG transport and floating regasification infrastructure) presented an 
economical method of displacing fuel oil as a method for energy delivery to eight Caribbean region nations.' *’^’ 
The study estimated a 30 percent decrease in carbon dioxide emission by 2032, resulting from the displacement 
of fuel oil by natural gas in current generation.®* 

Other proposals to displace fuel oil have gained traction, including the use of propane, other liquid fuels, and 
renewable sources for electricity generation. In July 2013, the U.S. Virgin Islands Water and Power Authority 
began the process to design and construct propane TS&D infrastructure for two electricity generation units in 
St. Croix and St. Thomas. To produce the same amount of electricity as the fuel oil plants they are replacing, the 
propane generators will emit on average 96 percent less sulfur dioxide, 84 percent less coarse particulate matter, 
85 percent less carbon monoxide, 24 percent less nitrogen oxide, and 17 percent less greenhouse gases.®- 


Administration Activities and Plans 


U,S.-CAR1COM Summit— Deepening Energy Cooperation. In April 2015, President Obama met with Caribbean^- : : - 
ieaders.ih .a U.S.-CARICOM Summit in Kingston. Jamaica, to reaffirm the importance.of 'our'reiafipnshjp .with the'regioh' .- 
and the-ijhited States' commitment to partner with Caribbean countries to advance economic development, ® rl^;arid( 
good governance. Leaders discussed a broad range oi iskies, from our important trade andihvestrneritlihkages/to s^cufi^^ 
cooperation, inciuding.the importance of Improving energy security, reducing energy' costs, and fightihgolimate change;!^^ 
foltowSTob'ust engagement on these Issues over the last year, including, the White House. Caribbean: Energy Se.cuFi|y;S 
hosted by theVice President in' January 2015 and the launch of the Caribbean Energy SeGUfi^.l'nitlatiye: (C£ cbprdinated.' . : 
by the'State Department, ‘nie United States, is deepening this collaboration through aCleah|nergy PinM Facility 
Caribb6art:and:CentralAmerica^an.Energy SeGurity;Task Force, driving dean ener^;fih^ei|0;Siibpbrt 
ancit!eah.:enefpt€Ghnblbgpbjiabbra^ efficiency and stora^;sbdn:ff^:;d;Cl^ 

greenihg'touriimfhiQOgffidhiljllKfeart'lEherQ^^ establish the pre-condffiohs^fofcleah eriergydeveiopmeni Qp'timize.: 

.mhevvable energy integration, and accelerate private-seaor clean energy ihveStrnehtgvy'lSj^^:^':^^^ 

Caribbean Energy Security Initiative. In 2014, Vice President Biden announced 

Caribbean hahoh :edDhOmies;.hatural/to^ and energy constraints. Led by ffie:^a^:Dbpart^enhlh;^co6rdiria^^^ 
the U(S. dverseas Priy.ate;.]nvestmeht Cor^ DOE, and other agencies, CESfseeks to. impfOve- energy, sector governance,. . 
to increase access tb'affofdabiefinance,;.and to,improve communication and coordination among.'.re.gtonai goyer'hmen'ts and .. 
their:deyelopment :partners. CES!.aiso is.airned at the full spectrum of the Caribbean energy sedor, from production and, 
generation through transmission, storage, and. distribution to end uses. This scope isdroader than the transjhissi.bmstorage,: . . 
.'and' distribution focus'of this Quadrennial Energy Review, but infrastructure wilf play a'key' role'i'n 'the'sue'cess-of the projects' , 
under CESl. 

t)h. January 2'6; 201 5. the Vice President, Energy Secretary Moriiz, Deputy Secretary of State, Blinken. and other senior . ' 
Administration officials joined Caribbean .heads oCgovemment) multilateral development banks, and other internationai 
partners in a Caribbean- Energy .Security Summit'iriWaSffingtdn,,D,C. The summithighlighted ongoing CESI efforts,, such as 
improved governance of the energy sectoc.and recogrifeed/ffie: continuing need for legal and regulatory reforms to Introduce 
a broad range of clean energy technologies into.the.Cdribbeari: A Variety of other commitments to promote and finance dean 
energy projects were announced. Administration engagement to promote energy security in, the Caribbean, including through 
support for' the necessary transmission; storage,,' and distribution infrastructure, will continue to be a priority. , 


'Ihe Inter- American Development Bank study discussed the Bahamas, Barbados, Belize, the Doniinicau Republic, Guyana, Haiti, 
Jamaica, and Suriname. 
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QER Recommendations 


CARIBBEAN ENERGY TS&D INFRASTRUCTURE 

The Department of Energy recommends that, as part of a larger Caribbean strategy, the United States 
should support the diversification of energy supplies, including actions to facilitate the introduction of 
cleaner forms of energy and the development of resilient energy infrastructure in the Caribbean. 
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8iC0MKMPA?IWS m BRIEF: 

Integrating North American Energy Markets 



Continue advances that have been made in the North American energy dialogue. All three ccoot' b tot ] 
encourage further business exchanges and regular rtififeter^e^iertg^etrient. 


Increase the integration of energy data among the United States, Canada, and Mexico. Pnovibe osocrccs or the 
Energy Information Administration to collaborate wWi its Canadian arid Mexican counterparts to systematically compare their 
respective export and import data, validate data,, ar^ Jrnprwe data quality. In addition, effort' should be taken to better share 
geographic information system data to develop energy sysfem maps and review forvvard-iooking assessments and projections 
of energy resources, flows, and demand. 

Undertake comparative and joint energy system modeling, planning, and forecasting. Enhance comparaiive 
and joint modeling, planning, and forecasting acti\^iei.arnong U.S., Canadian, and Mexican energy mlnistries.and reiated 
goverrtmental agencies. The current scale of activities has aided bllateraj and individual goals; however,, increasing trilateral 
engagement on planning, modeling, or forecasting actmties Would capture greater efficiencies and enhance each country's 
abiliw to reach economic, security, and environmental goals The Department of Energy's Offices of Energy Policy and Systems 
Analysis and Internationa! Affairs would lead modeling workshops with their Canadian and Mexican counterparts to share . . 
methodologies and collaborate on North American, analysis. 

Establish programs for academic institutions and not-for-profits to develop legal regulatory, and policy 
roadmaps for harmonizing regulations across borders. In partnership with universities, qualified not-for-profits, and 
relevant U.S. energy regulatory authorities, state/provincial, local, and national energy regulations will be compared to, identify.; 
gaps, best practices, and inconsistencies with regulations in Canada and/or Mexico with the goal of harmonization. 
Coordinate training and encourage professional interactions. This should involve ihe technical staff in government 
agendes.'.ofths three North American countries that share similar responsibilities to evaluate aridfmpfement c^^ 

• energy projects. 

Partner with Canada and the Arctic Council on Arctic energy safety, reliability, and environmental 
protectlon..Jointwbrk shdu|d:emphasize. research and information sharing on the effects df ,S^i!lS.;aric!;;thee^ 
countenrieasures,:theTdentifiCatiph;3rid:n!qhiM of the resources necessary to 
and thfr^evelbpnienlbf interriatiphalguife preparedness and response m thi^;lbgisti^||y:£t^lierigih^ re 
Partner with Canada and the Arctic Council on energy delivery to remote areas. This should be done through 
promoting and disseminatihgthe work Of the Remote Communiw Renewable Energy partneKhip:.: ;iSi;;'; v;. ;: .:v, : 

Promote Caribbean energy transmission, storage, and distribution Infrastructure. As part of a larger Caribbean 
strategy.the Oriited States should su'pport the diversification of energy supplies, including, actions tb facilitate; the introduction 
of cleaner forms of energy and the development of resilient energy transmission, storage, and distributioh infrastructure .in the 
Caribbean. 
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Chapter VII 

ADDRESSING 

ENVIRONMENTAL ASPECTS OF 
TS&D INFRASTRUCTURE 

This chapter focuses on the impacts of transmission, storage, and distribution 
(TS&D) infrastructure on the environment, complementing the discussion in 
Chapter II (Increasing the Resilience, Reliability, Safety, and Asset Security of TS&D 
Infrastructure) of the effect of the environment on TS&D infrastructure. After a brief 
introduction discussing the range of environmental effects of TS&D infrastructure, 
the chapter briefly discusses land-use and ecosystem issues that commonly arise in 
connection with constructing and maintaining TS&D infrastructure. Actions to improve 
the siting and permitting processes that address these issues are discussed in greater 
detail in Chapter IX (Siting and Permitting of TS&D Infrastructure). The next two 
sections discuss air pollution from TS&D infrastructure, first focusing on greenhouse 
gas (GHG) emissions and then discussing conventional air pollutants, The following 
section deals with other environmental issues associated with TS&D infrastructure, 
including liquid fuel spills, water use, dredging, and the need for better data and 
analyses on environmental impacts of TS&D infrastructure. The final section of the 
chapter discusses how carbon dioxide (CO^) pipelines can help enable the reduction 
of GHG emissions. The sections on GHG emissions, conventional air pollution, other 
environmental issues, and CO^ pipelines each conclude with recommendations for 
further action. 
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The iange of Environmental Effects Associated with TS&O 
Infrastructure 

Energy TS&D infrastructure affects the environment in a variety of ways. On the positive sicie, TS&D 
infrastructure can often enable better environmental performance of the overall energy system by providing 
access to cleaner energy supplies. 

There is also the potential for harmful environmental effects, though, which need to be addressed. On a 
nationwide basis, siting, constructing, and maintaining TS&D infrastructure may have negative land-use 
and ecosystem impacts — especially habitat fragmentation — that are significant. While TS&D infrastructures 
are relatively minor sources of total air and water pollution compared to energy production and end use 
(which are not being addressed in this installment of the Quadrennial Energy Review [QER] ), air and water 
pollution from TS&D infrastructure can be significant on a regional and local basis. For example, some vehicle 
engines used in energy transport produce particulate matter, posing local and regional public health concerns. 
Existing statutes and regulations address these concerns, in part Some TS&D infrastructures also contribute 
to GHG emissions. Addressing leakage and venting of methane — a powerful GHG — requires a range of 
additional actions, including prudent regulation; research, development, and demonstration; and public-private 
partnerships to reduce methane emissions, promote efficiency, and improve safety. Many of these actions 
are underway as part of the Presidents “Climate Action Plan,”’ including the Strategy to Reduce Methane 
Emissions.^ 

Land-Use and Ecosystem Impacts of Constructing and liaintaining 
TS&D Infrastructure 

Given their size and complexity, many major TS&D infrastructure projects have unavoidable direct and 
indirect impacts on the Nations landscapes and natural and cultural resources. The magnitude of these 
potential environmental impacts of TS&D infrastructure depend on a number of factors, including whether 
the proposed location of the facility will affect endangered species, involve sensitive ecological areas, impact 
cultural or historic resources, give rise to visual or aesthetic concerns, or open new areas to development. 

As energy infrastructures continue to expand, there is an opportunity to address these issues by improving 
how TS&D infrastructure is sited, built, and maintained, particularly infrastructure that enables better 
environmental performance. 

Some of the most common land-use and ecosystem impacts of TS&D infrastructure described in this section 
are analyzed as part of the environmental and historic preservation review processes for energy infrastructure 
siting. They include those effects most often considered in the context of the National Environmental Policy Act 
of 1969 (NEPA) and its framework for assessing environmental impacts during the planning process before a 
Federal agency decides whether to fund, conduct, permit, or otherwise approve proposed TS&D infrastructure.'* 
In its analysis, the permitting agency must consider mitigation requirements that may be imposed as conditions 
for unavoidable environmental harms.^ 


Under NEPA and the Council on Environmental Quality Regulations Implementing the Procedural Provisions of the National 
Environmental Policy Act, any TS&D infrastructure proposal requiring a Federal agency to take an action (such as funding, 
permitting, or otherwise approving a pipeline or electricity transmission project) requires preparation of an environmental review 
that considers the environmental impact of the proposed action and any reasonable alternatives prior to the agency proposed action 
(42 U.S.C, §§ 4321-4347 and 40 C.RR. §4 1500-1508). 
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Chapter Vii: Addressing Environmentai Aspects ofTS&D Infrastructure 


Cyltural Hesources 

Cultural resources generally include important archaeological, historic, and architectural sites; structures; or 
places with important public and scientific uses. Section 106 of the National Historic Preservation Act requires 
Federal agencies to consider the effects on historic properties of projects, activities, or programs (referred to in 
the act as undertakings) that they carry out, assist, permit, license, or approve.** Resources considered as part 
of compliance with Section 106 are those that meet the criteria for listing on the National Register of Historic 
Places, which can include properties of traditional and religious importance to an Indian tribe.^ The presence 
of cultural resources can present challenges for the siting of new energy transmission infrastructure.*’ Impacts 
are typically related to the project footprint and altered access to the area. Surveys must be conducted to 
identify potential archaeological and historic sites.*" The identification of cultural resources within a proposed 
right of way may require moving the proposed route to avoid such resources or mitigation measures to address 
potential impacts to such resources.^ 

Special Status Wildlife, Fish, and Plant Species 

Special status species include threatened or endangered plants or animals, the presence of which may pose a 
barrier to siting.^ Ihey also may include non-listed wildlife, fish, and plants that require special management 
consideration.®'® The potential for impacts on threatened and endangered species of construction and 
operation of energy transport systems within corridors are related to the amount of land disturbance, the 
duration and timing of construction periods, and the habitats crossed by the corridors. In order to comply with 
NEPA and the Endangered Species Act, agencies may conduct inventories to ensure that they have sufficient 
information available to adequately assess the effects of proposed actions on special status species. 

Habitat Fragmentation/Land Cover 

Ecological habitats (including rangeland, forests, woodlands, wetlands, lakes, reservoirs, riparian areas, and 
fishable streams) may become fragmented when crossed by transmission lines or pipelines that divide the 
continuous natural habitat into smaller patches. Even though physical barriers are not normally erected along 
the majority of transmission corridors, fragmentation occurs when the habitat or land cover type in the 
transmission corridor is altered from its surroundings. By changing the habitat, land cover change can alter the 
species makeup of the local ecosystem— favoring some species and disadvantaging others.*® 

Environmental Justice 

Environmental justice is the fair treatment and meaningful involvement of all people regardless of race, 
color, national origin, or income with respect to the development, implementation, and enforcement 
of environmental laws, regulations, and policies.” The responsibility of Federal agencies to consider 
environmental justice is set out in Executive Order No. 12898*^' and typically implemented in conjunction 
with NEPA review, as described in the Council on Environmental Quality guidance for environmental justice.*^ 

Seismic Hazards 

Significant risk of ground shaking can pose a threat to human health and safety in areas where energy 
transmission infrastructure — particularly natural gas pipelines— exists. This risk can pose a barrier to siting 
new transmission. Seismic hazards include earthquakes; ground faulting; and secondary effects, such as 


New transmission facility proposals initiate agency collaboration to determine an Area of Potential Effect (APE).The APEmay be 
hundreds of feet wide or many miles wide depending on the resources, potential impacts, and decisions under consideration. Once 
the APE is established, the agencies review existing data and collect new data, as appropriate, within the APE. 

'■ A low number of National Register of Historic Places sites for a proposed corridor may seem to indicate tew siting challenges, but 
if only a small percent of the corridor has been surveyed, this low number of sites may not be indicative of the actual number of 
cultural resources present. 
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liquefaction and related slope failures.'^ Measurement of seismic risk depends on the chosen intensity and 
probability thresholds for a damaging event.** 

Visual RasourceSr Specially Designated Areas, and Recreation 
Negative impacts to the visual surroundings of specially designated Federal areas can create barriers to 
the siting of energy transmission facilities nearby (even if the proposed right of way does not intersect the 
designated area}.*^ These specially designated areas can include, but are not limited to, national parks, national 
monuments, national recreation areas, national conservation areas, national park service areas, national natural 
landmarks, national historic landmarks, national scenic trails, national historic trails, national scenic highways, 
national scenic areas, national scenic research areas, national wild and scenic rivers, and national wildlife 
refuges. Numerous state-designated areas that are sensitive to visual disturbance also exist. 

A¥iatlon 

NEPA analyses consider overhead electrical transmission wires, as they pose a threat to the low-level flight 
activity.'' Special-use airspace is established in Federal regulations'® *^ and can also involve low'-altitude flight. 
When less than 200 feet above ground level, electric transmission lines often do not require marking or 
lighting, thus posing a particular hazard to aviation in areas where low-aititude flight is expected. 

Cymylative impacts 

Under NEPA, cumulative impact is defined as tl\c impacts on the environment that result from the incremental 
impact of the action when added to other past, present, and reasonably foreseeable future actions regardless 
of what agency (F’ederal or non-Federal) or person undertakes such other actions.^” Cumulative impacts 
can result from individually minor but collectively significant actions taking place over a period of time.^' 
Guidance issued by the Council on Environmental Quality specifies how to carry out cumulative effects 
analysis for identified impactsd^ Cumulative effects should be considered for all environmental impacts in an 
assessment, 

Additional Considerations 

Additional considerations under NEPA that can create challenges for siting of TS&D infrastructure or require 
mitigation, minimization, or compensation for impact include Native American concerns; acoustics; air 
quality; land use; paleontological resources; proximity to hazardous materials: proximity to Department of 
Defense operations and facilities; socioeconomics; soils and geologic resources; waste management areas; and 
water resources, including groundwater, waterbody crossings, and wetlands. Water quality can also be affected 
by excavations that lead to erosion.” Additionally, herbicides applied to maintain clearings can have adverse 
effects on aquatic life.” 


An event with a peak acceleration of 0. IS g or higher is considered potentially damaging. See: Wald, D. J. et al. “Shake 
Map* Manual — Technical Manual, Users Guide, and Software Guide,” US. Geological Survey. June 19, 2006. Ihe area 
of TS&D infrastructure where there is a moderate or higher potential for damage from seismic activity is defined as a 2 
percent risk of a ground-shaking event exceeding 0.18 g peak acceleration in the next 50 years). See: Petersen, M.D. et 
al. “Documentation for the 2008 Update of the United States National Seismic Hazard Maps; Open-File Report 2008- 
1128.” US. Geological Survey. 2008. pub5.usgs.gov/of/2008.U 1 2S/. Accessed February 25, 2015. See also; Federal Energy 
Regulatory Commission. “Final Environmental Impact Statement on Ruby Pipeline Project (Docket No. CP09-54- 000): 
Chapter 4.” p. 4-16. january I0,20l0.vv\vvv.ferc-gov/!r)dustrie^gas/erfviro/ei&'2010/01-08-10.asp. Accessed March 9,2015. 
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Chapter VII: Addressing Environmental Aspects oiTS&D Infrastmaure 


iViltigation of Environmental Impacts 

Decades of experience with siting energy infrastructure have resulted in the development of various 
measures and methods for offsetting impacts to affected communities and ecosystems, including avoidance, 
minimization, and compensation.* Mitigation is an important mechanism for agencies to use to avoid, 
minimize, rectify, reduce, or compensate the adverse environmental impacts associated with their actions.^^’^*’ 
Federal agencies typically rely upon mitigation to reduce environmental impacts through modification of 
proposed actions and consideration and development of mitigation alternatives during the NEPA process.^ 

Resource-specific mitigation measures can be applied to avoid or minimize impacts from a pipeline or an 
electric transmission project. In order to identify and implement appropriate mitigation measures, first the 
potential impacts of a project on a specific resource must be assessed. Then, project-specific and site-specific 
factors must be evaluated to determine whether the impact can be avoided or mitigated, what action can be 
taken, how effective the mitigation measure will be, and the cost effectiveness of the measure.^' 

Mitigation is of particular importance to Federal agencies that manage hundreds of millions of acres of public 
lands, which comes with a responsibility to sustain a vast array of resources, values, and functions. For example, 
public lands contain important wildlife habitat and vegetative communities — in addition to recreational 
opportunities and ecosystem services, cultural resources, and special status species. These lands are managed 
for the use and enjoyment of present and future generations. The location, construction, and maintenance 
of energy infrastructure should avoid, minimize, and, in some cases, compensate for impacts to these public 
resources, values, and functions. Mitigation is also of critical importance to those agencies responsible 
for protecting the Nations waters."® Applying this mitigation hierarchy early in the planning for TS&D 
infrastructure will help provide better outcomes for the impacted resources, values, and functions.^® 

The issues described in this section are not the only factors considered during the environmental and historic 
preservation review processes for energy infrastructure development. A more detailed description of the 
siting, permitting, and review process for infrastructure projects and approaches for avoiding, minimizing, or 
compensating for potential impacts of those projects is found in Chapter IX (Siting and Permitting of TS&D 
Infrastructure). 

Emissions from TS&D Infrastructure 

Air pollution can he associated with all stages of construction and operations of TS&D infrastructure; however, 
the severity of the pollution — both in type of pollutant and overall environmental load — differs significantly 
across the scope of Infrastructure covered in the QER. Certain components within the TS&D infrastructure are 
sources of both conventional air pollutants and GHG emissions. The following discussion is not intended to be 
a comprehensive catalog of air pollution impacts from energy TS&D infrastructure, but rather a discussion of 
areas where actions could lead to emissions reductions. For example, analyses for the QER on GHG emissions 
focused on natural gas TS&D systems because there are opportunities for relatively low-cost emissions 
reductions, and this infrastructure is expanding significantly. 


'■ This mitigation hierarchy of “avoid, minimize, and compensate" has been developed through implementation of both NEPA (40 C.RR. 
§ 1508.20) and the Clean Water Act (33 U.S.C. §§ 1251-1.387). See: “Memorandum for Heads of Federal Departments and Agencies.” 
February 18, 2010. ceq.doe,gov/nepa/regs/MitiQation„and_MonitOfing_Draft_NEPA_Gu!dap.ce_F!NAL_021 8201 0-pdf. The final 
step in the hierarchy seeks to repair, reliabilitate, or restore the affected environment or resource and ultimately to compensate for. or 
offset, any impacts that remain. This is typically described as “compensator)’ mitigation.” 

^ The Council on Environmental Quality’s NEPA regulations require agencies to identify in their Record of Decision 
any mitigation measure,s that are necessary to minimize environmental harm from the alternative selected (40 C.F.R. § 
i505.2(c)). The NEPA analysis can also consider mitigation as an integral element in the design of the proposed action. 
The regulations further state that a monitoring and enforcement program shall be adopted where applicable for any 
mitigation (40 C.F.R. § 1505.3). 
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TS&D infrastructure covered by this installment of the QER® contributes to nearly 10 percent of U.S. GHG 
emissions. For conventional air pollutants, the TS&D systems considered in the QER are also relatively small 
contributors to national pollutant loads, but may have significant local and regional impacts on air quality. The 
facilities of the greatest concern include petroleum refineries; ethanol plants; natural gas and natural gas liquids 
processing plants; and natural gas compressor stations, which are located along transmission and gathering 
pipelines. The transportation of energy commodities also leatk to air pollution, particularly in transportation 
hubs like ports and rail yards. 

GHG Emissions from Matpral Gas Systems 

The two primary GHGs emitted from natural gas systems®’ are CO, and methane. Emissions of methane 
throughout the natural gas system have been declining/® but are expected to increase if additional action is 
not taken.’^ As discussed in this section, analysis for the QER identified significant opportunities for reducing 
these emissions in the coming decades. Methane— tlie primary component of natural gas— is a potent GHG, 
with an atmospheric lifetime of only 10 to 12 years. When integrated over 100 years, methane is more than 25 
times more effective than CO^ at trapping heat in the atmosphere.^^ ' The Environmental Protection Agency’s 
(EPAs) national Greenhouse Gas Inventory (GHGI) estimates that, in 2012, methane contributed to roughly 
10 percent of gross GFIG emissions (on a COj-equivalent basis) from U.S. anthropogenic sources, nearly one- 
quarter of which were emitted by natural gas vsystems.^ 


While 80 percent of GHG emissions from natural gas occur at the end-use stage (from combustion by 
consumers),^^'^*’’^^ significant methane and CO^ einkssions occur throughout natural gas infrastructures (not 
including end use) in almost equal amounts on a CO,-equivaIent basis. As shown in Figure 7-1, 155 million 
metric tons of CO^ equivalent of methane were emitted in 2012 through routine venting,’ as well as inadvertent 
leakage.*' In the same year, a roughly equal amount of CO, (approximately 1 64 million metric tons of CO^ 
equivalent) was emitted at production, processing, transmission, and storage facilities, primarily from the 
combustion of natural gas that is used as a fuel for compression, but also when non-hydrocarbon ga,ses are 
removed during the processing stage, as well as from flaring. Figure 7-1 shows these emissions in detail from 
natural gas infrastructures; GHG emissions that are in scope for the QER include only those from processing, 
transmission and storage, and distribution segments. Methane emissions from the petroleum sector are not 
covered in this installment of the QER because they are almost entirely from production-stage operations. 


Sources of GHG emissions that are in scope for the QER include peiroleura refineries; biofuel refineries; liquid fuel pipelines; natural 
gas processing plants; natural gas pipelines; natural gas compressor stations; and the transport of energy by pipeline, truck, rail, and 
marine vessel. 

'' Throughout this chapter, the term “natural gas system” refers broadly to natural gas production, processing, transmission, storage, 
distribution, and end-use consumption; the term “natural gas infrastructure” refers to all aspects of the natural gas system except for 
end-use consumption. 

’ Considering these impacts over such a period leads to what is called the Global Warming Potential (GWP) of a GHG. The 100-year 
GWP for methane from the "Intergovernmental Panel on Climate Change Fourth Assessment Report” is 25. A 20-year GWP can be 
used to measure the shorter-term impacts of methane emissions. GWPs compare GHGs by equating the warming potential of gases 
other than CO, to the equivalent amount of CO, emis.sions needed to achieve the same warming. 

^ Examples of routine “venting” include blowdowns (when gas is evacuated from a section of pipeline for the purpo.se of conducting 
tests, repairs, or maintenance). Natural gas is vented by a number of sources, including pneumatic devices, which operate natural gas- 
driven controllers and natural gas-driven pumps, both of ^vh^ch are used extensively throughout the oil and natural gas industry- 
emitting natural gas as a function of routine operation. 

^ Natural gas “leakage,” also commonly referred to as “fugitive emissions,” includes those emissions that occur inadvertently as a result 
of malfunctioning equipment (e.g., damaged seals, cracked pipelines). 
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Chapter Vli'.Afidressing Erwironmental Aspects ofTS&O Inffastnjcture 


Figure 7-1 . 2012 GHG Emissions from Natural Gas Production, Processing, Transmission, Storage, and Distribution^® 



Processing 
Methane Emissions 


Distribution 
Methane Emissions 

Transmission & Storage 
Methane Emissions 
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Production Methane Emissions 
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from Flaring from Natural Gas from Acid Gas Removal 

Combustion 

Both COj (top of diagram) and methane (bottom of diagram) are emitted in roughly equal amounts from various sources and processes upstream of 
end-use consumers, Eighty percent of the GHG emissions from the natural gas system result from consumer end use of natural gas, However, these 
emissions are omitted from this figure to enable a more detailed picture of emissions from natural gas infrastructure. 

Data from the Energy Information Administration^’ indicate that fuel use— -and therefore CO^ emissions— 
by natural gas processing and transmission' increased by 35 percent between 2005 and 2013. As natural gas 
infrastructure continues to expand, the Energy Information Administration projects that natural gas fuel use 
by TS&D systems will continue to increase in the coming decades,"*® leading to greater CO^ and potentially 
other combustion-related air emissions from these facilities. Methane emissions from natural gas processing, 
transmission, and storage have increased by 13 percent from 2005 to 2012 ,*^ which is slower than increases in 
fuel use because new infrastructure is less prone to leakage. 

Opportunities to Reduce GHG Emissions from Gas Systems 

COj emissions from processing, transmission, and storage facilities stem primarily from natural gas fuel 
consumed by compressor units during natural gas transport.'*^ Most methane emissions from the processing, 
transmission, and storage of natural gas result from leakage and venting by compressor stations."*^ Methane 
emissions from natural gas distribution result mainly from leaks in meters, regulators, and distribution 

' This includes U.S. natural gas “plant fuel consumption” and “pipeUne and distribution use." 
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pipelines.'"* Examples of cost-effective options for reducing methane emissions from the natural gas system 
include (1) changing operations and maintenance practices, (2) increasing leak detection and repair, and (3) 
upgrading equipment (see Figure 

There are economic, environmental and safety benefits associated with modernizing the natural gas TSScD 
system. Policies are needed to ensure that private companies can recover costs of such investments to improve 
safety and reduce emissions.'^* In addition, while a number of actions may not have net benefits when only 
accounting for the monetary value of conserved gas, some of these can be cost effective if the climate change 
and safety benefits are taken into account. To achieve these societal benefits, there Is an important role for 
government — often in partnership with industry — to advance new technologies and encourage investments. 

A combination of ongoing Administration actions and QER recommendations meet this need for Federal 
action. 


Figure 7-2. Total Emissions Abatement Potential (million metric tons CO^-equivalent per year)*®- " 
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Assuming full revenue recovered from the sale of captured natural gas, an estimated 40 million metric tons CO^-equivalent of methane emissions 
abatement could be achieved at a negative marginal cost; under this scenaiio, at a marginal cost below the Social Cost of Carbon, all segments of 
natural gas infrastructure have potential opportunities for cost-effective methane abatement. Aaonyms; intermittent (intermit.); pneumatic (pneum.); 
local distribution company (LDC); liquefied natural gas (LNG); redprocating (recip.). 


The social cost of carbon i.s a metric that monetizes the societal benefits and costs of emitting an additional ton of carbon. The social 
cost of carbon at a 3 percent discount rate in year 2015 and in 2015 dollars is $43 per ton CO^. Source; Interagency Working Group 
on Social Cost of Carbon, 2013. Technical Support Document Technical Update of the Social Cost of Carbon for Regulatory Impact 
Analysis - Under Executive Order 12866. May. U.S. Government. 


QERReport;EnergyTransmissior5, Storage, and Distribution Infrastructure j April 20t5 7-9 


320 


Chapter Vll; Addressing Enviranmentai Aspects of TSSD Infrastructure 


GHGi and Methane Measurement 

Ihe White Houses Strategy to Reduce Methane Emissions calls for the US. government to assess current 
emissions data and address identified data gaps.^® The US. natural gas profile has dramatically changed in the 
last 10 years. Ongoing efforts to update the data used to calculate GHGI emissions estimates are being privately 
and federally funded and carried out by several researchers, including large multi-stakeholder efforts.^' Under 
the 2014“Climate Action Plan” Strategy to Reduce Methane Emissions, EPA will continue to update and 
enhance the data published in its annual GHGI as new scientific evidence and data sources emerge. 

Improving the efficiency of equipment operating along the natural gas supply chain, especially compressors, 
would reduce GHG emissions and other combustion-related emissions of criteria air pollutants and ozone 
precursors. Additional opportunities for technical efficiency improvements include pipeline operations, sizing, 
layout, cleaning, and interior coatings, as well as opportunities for waste heat recovery. While the greatest 
opportunities for efficiency improvement lie in new systems, options do exist for improving the efficiency of 
existing systems as well.'^* 

Beducing GHG Eanissions from Refineries and Energy lyansport 

Petroleum refineries are among the most energy-intensive manufacturing facilities in the United States,” 
which results in substantial CO^ emissions — both onsite and offsite of these facilities. Onsite emissions of CO^ 
from petroleum refineries accounted for more than 30 percent of CO^ emissions from U.S. manufacturing"^ 
and 4 percent of total CO^ emissions from fossil energy combustion." 'Ihe combination of all other TS&D 
infrastructure — including biofuel refineries,” liquid fuel pipelines, and vehicles that transport energy'” directly 
or indirectly (i.e.. through the use of electricity)— contribute to CO^ emissions in relatively smaller amounts. 
The primary means for reducing CO^ emissions from refineries is through efficiency improvements. Analysis 
has also consistently found that there remain opportunities for additional efficiency improvement.” ” 


Administration Activities and Plans to Radiice Greenhouse Gas Emissions from 
Ttansmis^mi, Storage, and Distribution Infrastructures 

I I — — — . .. I 

Reduce Met^^^sions. in jAuaty 201 5, the President announced a nation- 
al goal to reduce mdthane emissions from the oil and gas^^^S-45 perceik from 2012 levels by 2025, as well as a set of 
iactionsto put the United States on a. path to achieve this-j|ii^|i goal. These goals include the following: . 
Common-sense standards for methane emissions from new and modified sources. t.i : i - ’;ec; ;r 

Agency (EPA) will initiate a rulemaking effort to set stand^^^^thane and volatile organic compound emissions from new 
and modified: oil: and gas production sources and natural ^|^^sing and transmission sources. , EPA will issue a:;pfSp(Ssei:M 
rule in: the summer of 20T5, and a final rule will follow in<-ifS(6#*i 

New guidelines to reduce volatile organic compounds. EPA will develop new guidelines to assist states in reducing 

ozone-forming pollutants from existing oil and gas systems toateas that do notmeet the ozone health standard and iniStaBSiv; 

in the Ozone Transport Region— an , added benefit will be methane emissions reduaions. 

Enhancing leak detection and emissions reporting. EPA wilt continue to promote tiansparency and accountabilityfor 
existing sources by strengthening its Greenhouse Gas Repoiting:Pi»gtam to require reporting in all segrnentsof the industrys s 
In addition to finalizing updates to the program, by the:e«d:of 2(}J5. EPA will explore potential regulatory opporturrities for s: 
applying remoteTsensing technologies and other innovations in measurement and monitoring technology to further improve 
the identification and quantification , of emissions and improve the overall accuracy and transparency of reported data in a f 
cost-effective manner. ,, , 


This compares direct CO, emissions from refineries in 2012 (210 million metric tons) with the Energy Information Administrations 

estimate of total CO, emissions from fossil fuels in 2012 (5,255 million metric tons). More information can be found on the Energy 

Information Administration’s Environment website at www.eia.gov/environmenb'. 
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Administration Activities and Plans to Reduce Greenhouse Gas Emissions from 
Transmission, Storage, and Distribution Infrastructures (continued) 


Leading bjr example on public lands. The Department of the Interior's Bureau of Land Management wilt update dec- 
ades-old standardsto reduce wasteful venting,:flaBngi and teate^of: natural gas-^riitiarilymethane^from.oil and gas wells. 
These standards, to be proposed in spring of 20t5,^w}ll-addressboth:new and exrstirrg oil and gas wells on public lands. 

Reducing methane emissions while improving pipeline safety. The Department of Transportation's Pipeline and 
Hazardous Materials Safety Administration will propose naturafgaspipelitte safety standards in 2015.While the standards will 
focus on safety, they are expected to lower methane emissions as well,: 

Modernizing natural gas transmission and distribution infrastructure. Following on its methane roundtables, the 
Department of Energy will continue to take steps to encourage reduced greenhouse gas emissions, including the following: 

• Issuing energy efficiency standards for natural gas and air compressors 

• Advancing research and development to bring down the cost of detecting leaks ; 

• Implementing an Advanced Natural 6as System ManufacKirihg Research and Development Initiative ' 

• Partnering with the NationafAssociation of Regulatory Utility iSOmmissioners to help modernize natural, gas distribution 
infrastructure 

• Providing loan guarantees for new methane reduaion technologies ' . ' ' 

• Developing a clearinghouse of infortnation on effective technologies, policies, and strategies ■ ' 

Industry actions to reduce methane emissions. Several voluntary industry efforts to address these sources are under- 
way, including EPA'splans'to expand on;the successful Natural Gas'STAR Program by launching SirteW patfhefship in cpilab-, - 
oration with. key. stakeholders latetin JOTS. EPA will work with the Department of Energy/the PeiiatihiehtglTfanspgftatiori 
and leading co'mpanieSrAindividli.ally and tbfough broader initiatives such as the One Fututelnitidtiyda Bovynstfeara . 

Initiativeuvto.devebpgiltfyetifyrtobuSteommitinents to reduce methane emissions.;:- .0 
Other Federal.actions.Thesib8era|lne)^ )tegulatory Commission has issaed:S|dlp5tate(riittt|atyvi|.ft 
:'hatofa(gas;pigelineS:td''rW£Wi5siS^^ made to modernize pipeiine;i^eitt:il|ip«iCtdi:e|l|:|tSi^^^ 

.griiariCes :rejiatiil|ty!;saf^§|M!ipitefe^ in Decenther.S||;:the|MB:gh:ihyirogi^ 

teiSased 'revised: draft guidaft(:e:t(S||obiS;;^ describes how Federal departritehlisggia^rjaeiiiigb^ 

greenhouse gaSeihiSsiohs'ahdgiBtstgghangeiflitheir' Nation Environmental IblicyActigyiSysiw 


QER Recommendations 


REDUCING GHG EMISSIONS 

Reducing GHG emissions from TS&D infrastructure includes a number of win-win opportunities from 
climate change and public safety perspectives. Among these are opportunities for modernizing natural 
gas distribution infrastructure, as discussed in Chapter 11 (Increasing the Resilience, Reliability, Safety, 
and Asset Security of TS&D Infrastructure). In addition to the measures already put in place, to further 
reduce methane emissions from TS&D infrastructure, we recommend the following: 

Improve quantification of emissions from natural gas TS&D infrastructure. An effective 
strategy to significantly improve methane emission estimates in the GHGI requires additional 
Federal funding for new measurements to update emission factors and activity data. That is why the 
Presidents Fiscal Year 2016 Budget Request proposes $10 million to launch a Research and Analysis 
Program at the Department of Energy (DOE) to enhance the quantification of emissions from 
natural gas infrastructure to include in the national GHGI in coordination with EPA. 
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Chapter VII; Addressing Envirotimental Aspects of TS&D infrastructure 


I Specific research areas for consideration that are downstream of natural gas production include 

f emission estimates from pneumatic devices, leaks, and the natural gas gathering and boosting sectors, 

i Congress should approve this funding. DOE and EPA should undertake a coordinated approach, 

I building on stakeholder input, to ensure that new research and analysis is targeted toward knowledge 

I gaps that are not already addressed by existing databases or other ongoing measurement studies. 

I Expand natural gas transmission and distribution research and development programs. 

I DOE should continue to develop and demonstrate cost-effective technologies to detect and reduce 

I losses from natural gas transmission and distribution systems. The Presidents Fiscal Year 2016 

I Budget Request proposes $15 million in funding for DOEs midstream natural gas infrastructure 

I subprogram to focus on reducing methane leaks and enhancing operational efficiencies of pipelines, 

I storage facilities, and compressor stations, as well as on communicating results to stakeholders 

s to mitigate methane emissions. Congress should approve this funding. DOE should leverage its 

I research and development efforts in this area to facilitate broader air quality benefits— reducing 

I methane losses and improving midstream infrastructure efficiency to reduce nitrogen oxides and 

i other ozone precursors, which will help states to meet national air quality standards. 

Invest in research and development to lower the cost of continuous emissions monitoring 
J equipment. Continuous emissions monitoring can be a valuable component of leak detection and 

repair programs, which serve to improve safety and the operational improvement of natural gas 
; systems. The Advanced Research Projects Agency-Energy’s MONITOR program is providing $30 

f million for breakthrough technologies to measure methane emissions from natural gas systems. DOE 

1 should provide the additional funding needed to ensure that the most successful MONITOR projects 

I are field tested and deployed. 


Conventional Air Pollution from TS&D Infrastructure 

Beyond GHGs, TS&D infrastructure also contributes to conventional air pollutants such as ozone and 
particulate matter. Overall, air quality in the United States has been improving for decades, and additional 
improvements are expected in the coming decades as a result of existing and new regulations.^'* However, 
given that higher temperatures are known to contribute to the formation of ground-level ozone, continued 
progress will be increasingly challenged by climate change.*® Persistent challenges remain in certain areas of the 
country where concentrations of pollutants in the atmosphere exceed national limits set by EPA. In addition, 
hazardous air pollutants are regulated through different Clean Air Act requirements. Reducing emissions of 
these air pollutants has significant benefits for human health and the environment across broad regions of the 
country — particularly in populated, urban areas, where they are found in relatively high concentrations in the 
lower atmosphere.**’*^ In 2012, EPA issued standards for volatile organic compounds (VOCs) from the oil and 
gas industry. These standards, when fully implemented, are expected to annually reduce 190,000 tons to 290,000 
tons of emissions of VOCs, which pose risks to public health and the environment.*^ 
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Figure 7-3. Criteria Air Pollutant and Precursor Emissions from Stationary TS&D Facilities in 201!“ '’ 


PM2.5 PM10 SOx 



« Petroleum Refineries » N6 & N6L Processing Plants ■ Biofuel Refineries •. NG Compressor Stations 


Refineries are the primary source of particulate matter, sulfur oxide, and VOC emissions, while natural gas compressor stations are the leading source 
of ozone precursor emissions (nitrogen oxides, carbon monoxide, and VOCs), Nitrogen oxides emissions shown here for refineries and natural gas 
processing and compression accounted for roughly 30 percent of total nitrogen oxides emissions from a!! industrial processes and industrial fuel 
combustion in 201 1. 

Stationary Sources of Conventional Air Pollutants from TS&D Infrastructure 

In the context of emissions from TS&D infrastructure, the facilities of the greatest concern include petroleum 
refineries, ethanol plants, natural gas and natural gas liquids processing plants, and natural gas compressor 
stations, which are located along transmission and gathering pipelines. While these sources generally only 
account for a small portion of total V.S. emissions of each pollutant, they still are significant, particularly for 
surrounding areas. Nitrogen oxides emissions from these facilities (see Figure 7-3) added up to roughly 30 
percent of nitrogen oxides emissions from industrial processes and industrial fuel combustion in 2011.^^ In 
2013, more than 53 million people lived in US. counties with ground-level ozone levels above the current 


Air emissions from each source category were drawn from EP.^ Nationsd Emissions Ins'entory as follows: “Petroleum Refineries’ 
(NAICS 324110): “Natural Gas and Natural Ga.s Liquid Processing Plants” (NAICS 21 1 1 12); “Biofuel Refineries” (NAICS 325193); 
and“NG Compressors” (includes emissions from all facilities listed under Pipeline Transport of Natural Gas {NAICS 436210); plus 
compressor station facilities listed under Natural Gas Distribution (NAICS 221210); plus county total nonpoint compressor engines 
(source classification codes 2310020600. 23100211(01,02,03), 23100212(01.02,03), 23100213(01, 02.03), and 23100214(01,02,03)). 
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Chapter Vil; Addressing Environmentai Aspects of TS&D Infrastructure 


National Ambient Air Quality Standards,** and nitrogen oxides, carbon monoxide, and VOCs are all precunsors 
to ozone. Natural gavS compressons can be electrified to reduce emissions in regions with air quality problems;*' 
to the degree this is done, however, interdependencies and potential vulnerabilities grow as gas transmission 
becomes more reliant on electricity (see discussion in Chapter U, Increasing the Resilience, Reliability, Safety, 
and Asset Security of TS&D Infrastructure). 

While overall emissions have been declining for decades, trends are inconsistent across different sectors. For 
example, though still only 5 percent of the national total, nitrogen oxides emissions from the oil and natural 
gas sectors^ have increased by roughly 94 percent between 2005 and 2011.** 'Ibis is particularly striking, as EPA 
trends data*^ show that vehicle and power plant emissions have declined considerably.'* 

In addition to emissions of criteria air pollutants and their precursors, the petroleum and gas sectors contribute 
significantly to emissions of hazardous air pollutants. In particular, the petroleum sector is responsible for 
roughly 5 percent of industrial sources of hazardous air pollutants released annually (according to the Toxic 
Release Inventory). A proposed rule (Proposed Petroleum Refinery Sector Risk and Technology Review and 
New Source Performance Standards) was published in the Federal Register ’’ for public comment on June 30, 
2014.' The rule proposes additional emission controls for storage tanks, flares, and coking units, in addition to 
fence-line air quality monitoring, to ensure standards are being met and that neighboring communities are not 
being exposed to unintended emissions. If the final rule is identical to the proposed rule and fully implemented 
(i.e., 3 years from the promulgation of the final rule), EPA estimates that these and other provisions will result 
in a reduction of 5,600 tons per year of toxic air pollutants and 52,000 tons per year of VOCs.’^^ 

Air Pollution from the Transport of Energy Commodities 

The transportation of energy commodities also contributes to air pollution. Of particular concern is diesel 
exhaust — a complex mixture of pollutants and a likely carcinogen — which has health effects that include 
premature mortality, increased hospital admissions, and heart and lung diseases.’^ Oak Ridge National 
Laboratory estimates’’^ that transport of energy products, as a portion of total freight transport, amounts to 
28.6 percent of the total ton-miles of freight transported by rail, 5.2 percent of the total ton-miles of freight 
transported by truck, and 32.4 percent of the total ton-miles of freight transported by vessel. Therefore, 
emission estimates presented in Figure 7-3 are scaled from national totals, according to these proportions. 

Among the primary energy transportation options (other than pipelines), 2011 emissions from marine veSvSels 
were higher than from other modes (see Figure 7-4), particularly with respect to nitrogen oxides, sulfur 
dioxide, and fine particulate matter. This is largely because ocean-going marine vessels have historically used 
residual (or bunker) fuel,” which is a less-refined energy product. Meanwhile, barges propelled by tugboats 
that operate on inland waterways exclusively use diesel fuel, resulting in less pollution from these vessels than 
from ocean-going vessels.” Emissions from marine vessels overall are rapidly declining, in large part due to 
new regulations discussed below. 

As with stationary sources, while the criteria air pollutant emissions presented in Figure 7-3 generally account 
for only a small portion of total U.S. emi.ssions of each pollutant, they can contribute significantly to air quality 
problems in certain regions and localities. For example, diesel exhaust from rail, heavy-duty trucks, and marine 
vessels are significant contributors to local and regional air quality problems. To help address tliese issues, EPA 

^ This is based on EPA National Emissions Inventory estimates of nitrogen oxides emissions for the combination of two sectors — 
“petroleum and related industries” and “storage and transport” — with roughly half of these emissions coming from natural gas 
compressors. 

EPA estimates that nitrogen oxides emissions from highway vehides have declined by 50 percent since 1990, while electric power 
sector nitrogen oxides emi.ssions are more than 70 percent lower than 1990 levels. 

^ This rulemaking is under consent decree with Air Alliance Houston and several other litigants. The consent decree requires the EPA 
Administrator to sign the final rule no later than June 16,2015. 
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has put in place the SmartWay" Program— a public-private initiative between EPA, large and small trucking 
companies, rail carriers, logistics companies, commercial manufacturers, retailers, and other Federal and 
state agencies. Starling in 2004, the programs purpose is to improve fuel efBciency and the environmental 
performance (reduction of both GHG emissions and air pollution) of the goods movement supply chains. 
SmartWay-designated tractors and trailers can save upward of 4,000 gallons of fuel each year. To date, 
SmartWay partners report saving more than 120 million barrels of fuel and eliminating 51.6 million metric 
tons of CO, and almost 740,000 tons of nitrogen oxides through their participation in the program.’^ 

In March 2010, the International Maritime Organization officially designated North America and the 
Caribbean coastal waters as emission control areas.'® Beginning in 2015, ships are to reduce their emissions of 
nitrogen oxides, sulfur oxides, and line particulate matter through use of cleaner fuels or engine technologies 
(e.g., scrubbers). These standards will dramatically reduce air pollution and deliver substantial air quality and 
public health benefits that extend hundreds of miles inland.^ 


Figure 7-4. Air Emissions from the Transportation of Coal and Liquid Fuels, by Transport Mode®®-' 

PM2.5 PM10 SOx 



® Rail « Truck * Marine Vessel 

Among the primary energy transportation options (not including pipelirtes), marine vessels have the highest total emissions, particularly with respect 
to nitrogen oxides, sulfur oxide, and particulate matter. These emissions are largely the result of ocean-going marine vessels’ greater reliance on re- 
sidual (or bunker) fuel, which is a iess-refined energy product. An important caveat is that barge transport via inland waterways can be substantially 
less polluting than tanker vessels; however, emissions from these two vessel types are not distinguishable in available inventory data. 


Since energy product.s only represent a portion of total freight transported by rail, truck, and marine vessel, einissioirs data sirown 
here were scaled (on a ton-mile basis) in proportion to the fraction of total freight transport that is represented by energy products 
(according to the Oak Ridge National Laboratory’s “FAF Provisional Annual Data for 2012; Freight Analysis Framework”), 


QER Repcxt: Energy Transmission, Storage, and Distribution Infrastructure i April 2015 7-15 


326 


Chapter Vti: Addressing Environmentai Aspects ol TS&D infrastructure 


Figure 7-5 shows the relative scale of energy transport by vehicle type, accounting for the relative travel 
distances of each energy product.' It does not reflect the observed sharp increase in liquid fuel transport by rail 
and barge since 2012; it illustrates the relative importance of different transport inodes for the movement of 
different fuel types. 

Figure 7-5. Quantities of Energy Transported by Mode (other than pipeline) in 201 2, by Fuel Type and Accounting for 
Distance Traveled (metric ton-miles per year)®’ " 

Metric Ton-Mi!es/Yr 
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P Coat H FueiOi! ■ Gasoline . Crude Oil 

Freight by rail is the dominant mode for transporting coal within the United States. Energy freight (which does not include pipelines) for liquid fuel 
products is dominated by truck and marine transport modes. 

Another significant area of interest related to air quality and TS&D infrastructure is criteria air pollutants in 
the vicinity of ports and rail yards, where the density of vehicles leads to high concentrations of pollutants and 
greater risks to nearby communities.®^ Studies have found that communities living in close proximity to rail 
yards'*^ and ports®'* are exposed to significantly higher concentrations of diesel particulate matter — including 
fine particulate matter (PM^ which is harmful to public health. When compared with the overall U.S. 
population, research also has found that low-income and minority households are overrepresented in the 
aggregate affected population, often by a factor of two or three.®- 


' Data are presented as metric ton-miles to enable comparison between the relative scale of liquid fuels and coal transport. This is 
necessary' because some energy products are transported over very short distances (e.g., liquid fuels) whOe others are transported 
over much greater distances {e.g., coal). 

“ “Gasoline” includes gasoline, aviation turbine fuel, and ethanol “Fuel oil” include diesel and bunker fuels. 
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Vehicies that transport energy as freight— primarily coal for electric power generation, but also liquid fuels-- 
include locomotives, as well as truck and marine vessels. Their emissions are primarily due to diesel engine 
combustion of diesel fuel and residual fuel oil (in the case of marine engines). Health effects from short-term 
exposures to diesel exhaust, a likely carcinogen, include premature mortality, increased hospital admissions, 
and heart and lung diseases.*^ 

A recent study^' found that each ton of PM 2 . reductions from aircraft, locomotives, and marine vessels 
yielded very substantial estimated monetized benefits (in comparison to reduction of PM,,^ in other sectors). 
One reason for this is that transportation hubs are often located in relatively close proximity to urban areas; 
therefore, emission reductions from these sources would have immediate health benefits for onsite workers and 
neighboring communities (see Figure 7-6). 

The California Air Resources Board has issued regulations requiring a 50 percent reduction in berthed ship 
emissions from large ports by 2014, and an 80 percent reduction by 2018.** Most large California ports are 
implementing shore power projects as a compliance mechanism.®^ Similar regulatory efforts are underway in 
the European Union, which is expected to encourage retrofitting ships to use shore power. 


Figure 7-6. Panel A; Estimated Monetized Benefits of Reductions in and PM^^ Precursors. Panel 8: Estimated 
Annual Mean PM^^ Levels Attributable to Aircraft, Locomotives, and Marine Vessels In 2016,®’ 
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The benefits of reducing a ton of or precursor sulfur dioxide from certain TS&D sources result in relatively high monetized benefits to 
society, in part because these pollution sources are commonly close to human populations. 


Fuel use and emissioUvS from locomotives could be reduced by improving rail operations and infrastructiire 
and reducing congestion — one of tlie biggest concern.s for rail traffic— as idling and stop-and-go traffic lead 
to increased fuel consumption.®' If capacity is not improved by 2035, 25 percent of rail corridors could be 
running near or at capacity, and 30 percent of rail corridors could be running above capacity, thus leading to 
increased botlenecks and fuel consumption.®^ 
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Administration Activities and Plans 


A nurnber of Administration initiatives reduce greenhouse gas emissions, as well as oti 
missibn, storage, and distribution infrastructure. Examples of this ir» lode the Er i nial PnXMlIin Ai 
states to reduce ozone precursors from oil and gas systertiSie the Department of Enerqj s woilc to impios' 
of eguipment powering natural gas transmission systemiand: other transmission, stora | and distiibupoi 
efforts to shift to less polluting fuels.*-; 

With respect to ports and rail yards, a number offedetalfprogrtims provide granCftimSngiJoritransportaft 
can improve air. guaiity in ports and tail yards, includinc|the flowing 

Congestion Management and Air Quality (CMAQi progiain » afment of Transportation If 

Administration manages the Ct^AQ progniiii ; wh 'h funds state am cai niograms that reduce air etns 
current transportation bill, the CMAQ program is ‘ I'ded at aoout S' tlion ahitBjtll)®il5ipfc3l'£MAQ.ptt^ 
retrofits, diesel idle reduction projects, IntelligentJrar^^lg^ttfystems, alternjfteiftfeliWtlide'prpj*^ 
projects,’ 

Transportation Investment Generating Economic Recovery (TIGER) grants, '• Cepartm''nt of 
ptogramr* IS a competitive grant program mat fu d s'*ieandioc^transpnrdlunprc isaios, hetra 
have aimed at addressing key national freight rail b-iiilenecks and Huang truck iraff c by fundittg impts 
pons, as well as many other port, rail, ano i uuo pi o|ects aimed at alleviabng freigl't co es’ion Sii c" 20 

tioSs forTIGER have ranged from $47S million to $600ira(|^*"XCi4. ' ’ 

National Clean Diesel Campaign. First authorized by t^Dlesel Emissions Reduction Act in 2008, the 
Campaign issues gtapis to eligible entities for proiccts tttft^ilce emissions from existing diesel engines.! 
cai local air quality needs by deploying both proven and^^^ing technologies much earlier than would 
annual appropriations for the Diesel Emissions Reductit^||^have ranged from $20 million tp Sepimillio 
GROW America Act. The Administration's proposed tpl^^^ion legislation includes several provisions aimi 
iiientstfiat will improye freight performance and reduce pollutant and precursor emWotis, The»lpcli. 

•; 5i A:6*ye3ii!i$1S;biillidrf c(itt(petltiW grant prograttiS^^at freight infrastructure projects identified' 

; governments and. key transportation stakeholdersl.A 

• A collaborative freight strategic planning proces^j^ttyvill pn™ii nse of formula grant funds fj 
freight transportation projects fv-'' 

. a, . . A'sharper.fdciiS for the CMAQ program on redai|^li^sions of &^ai1atesf,ptW as the.crit 
the greatest tapact on human health, and expatiMs^heTIGER%ii«|Sbgta»»$1.25 biliianpe 


: Ihe V/hfte.House. "fact She^ Administtaiioivt 

ht^/Avww 

■-fsawaK^i^^ate-action-pian'-anno^l;;^ 

! DejKtrtajamdOf 'Energy. "DOE Launches 
.;art»d)K^!iO»?i'!au(Khe5‘-n3tura!-gas-mfr^ 

jiiilglllvv,,,.,,- 

Eedefal Highway Administration. ‘‘GMAQ- Air t 
February 27. 2015, 

Departitteiit'ofiyanspprtatipn.“Fiscaif%ar'^ 
http;;/AfvWw:ft3'.dQt.Qbv/printerJrfendiy^^^^ 

Federal High>wy Adtninistrat jon, “CMAQ^^I 
AccessedFebruary27,2015. ... 

' Department of TfansporUfion. ““nGER DiScred 
’Department ofTranspPrtatjon.“TIGER Discretionaryi^^Wtl^llt^B^fWw.dot qov'/tiger. Accessed february 27, 2015; 
Environment^ Protection Agency. ‘‘Nationai CleaaD»essA^iB^«tfg?U^mdingSourt.es 
http;/^wv^V.epafgoy/c1ea,ndiespl/gr3^^tfund.^^tm. Acc<ssed'February 27, 2015 

‘Environmental Protection Agency. “Second Re|K»t the Diesel Program? 

'fill' poa.gov/d'eandigssl/docijmer'tsM2OFt2O3l’|sdf.Acc«s^Pebruary27.201S. 


(^tions and Program ii 
February 27, 201 5. 

iwa.dot-gov/envifor.t' 
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While the QER scope is limited to energy freight, expanding any program that reduces freight congestion 
would achieve emissions reductions from freight transport more broadly, with direct benefits of improved air 
quality for nearby urban communities and workers. 


QER Recommendations 


REDUCING CONVENTIONAL AIR POLLUTION 

Current Administration activities and proposals before Congress have the potential to broadly benefit 
both communities and workers affected by conventional air pollution from TS&D infrastructures. In 
order to build on these ongoing activities, we recommend the following: 

Provide funding to programs that reduce diesel emissions. To protect workers and nearby 
communities through further reductions in diesel particulate matter emissions from ports and 
rail yards, we recommend providing funding for the successful Diesel Emissions Reduction 
Act program and other Federal programs that fund complementary activities that reduce diesel 
emissions. Grant funding should support projects that deploy emissions control technologies, 
reduce bottlenecks and congestion of freight in the vicinity of these facilities, and use other methods 
to reduce diesel emissions. 


other Environmenta! Issues 

In addition to GHG emissions, conventional air pollution, and land-use issues, there are also other environmental 
issues related to TS&D infrastructure, such as spills, dredging materials disposal, and CO^ pipelines. 

Liquid Fu@! Splits 

All forms of TS&D infrastructure for petroleum and refined petroleum products present some risk of spills 
into the environment. It is challenging to compare marine, rail, truck, and pipeline spill statistics due to 
several data limitations and inherent differences between modes. For example, there is large interannual 
variability in the volume of reported releases of crude oil from marine and rail vessels; for rail, it ranges from 
less than 5 barrels to nearly 25,000 barrels per year— with the increase in shipments of crude by rail, there 
has been a concomitant increase in oil releases from this mode.’^ In terms of recorded impacts relevant to the 
environment and public health, the simplest comparative metrics are total reported incidents and volumes of 
spills. In general, available data indicate that releases from pipelines are relatively more significant than spills 
from rail transport, and the total oil spilled by pipelines is greater than that from other sources. Between 2004 
and 2013, pipelines released an average of 63,069’-'^ barrels of oil per year. In comparison, for 1998 to 2007, 
average annual releases of oil by rail (1,400 barrels per year^), truck (9,200 barrels per year'''), and all marine 
vessels (9,593 barrels per year'**) were all considerably lower. 'Ibis comparison is dominated by the fact that 
each mode transports different total volumes of energy product over different average distances, with pipelines 
carrying far larger volumes than other modes. Better data on barrels spilled per barrel-miles moved would 
improve our ability to compare spill statistics across modes on a common basis. This is particularly important 
for assessing how relative risks are changing during this dynamic period of growing domestic production of 
crude oil and shifting patterns of energy transport. 

The environmental effects of any spill will depend on the vulnerability of the region where the spill takes place 
and the ease (and therefore speed) of response. Rail and marine spiUs result in the spill of a relatively small 
volume, typically aboveground. Pipeline spills, how'ever, can go undetected for relatively long periods of time 
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and result in higher spill volumes, typically underground Other factors that affect the severity of a spill, both 
for the environment and public safety, include the season and weather, proximity to densely populated areas 
and sensitive ecological areas, and the type of liquid involved in the spill (see Figure 7-7). 


Figure 7*7. Conditions Affecting Liquid Fuels Spill Severity” 
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Assessing risks associated with oil transport involves the consideration of a number of factors, including the variety of landscapes that could poten- 
tially be affected, the vulnerability of those landscapes to damaging impacts, and the type and extent the incident. 


Administration Activities and Plans 


Environmental Protection Agency (EPA) Oil Spill Program. The EPA proteas U S. waters by preventing, preparing for, 
and responding to oil spills in navigable voters. This program^is audtorized by Seaion 31 1 of the Clean Water Ad and the 
Oil Pollution Aa of T990.The oil poiiution prewntion regulations tequffe each owner or operator of a regulated facilt^ to 
prepare a Spilt Prevention, Control, and Countermeasures Rian that addresses the facility's design, operation, and maintenance 
procedures established to prevent oil spills, as well as countemeasures to control, contain, cleanup, and mitigate the effects of 
an oil spill that could affea navigable waters. jn additfOR^:h^h-ryc;faality owners and operators are also required to prepare 
Facility Response Plans that identify response aatons for^discharges of oil that pose substantia! harm to the environment. EPA 
IS responsible for inland oil spills that either impaaorihreateo vratec Typically. EPA monitors oil spills to ensure that Respon- 
sible Parties take necessary steps to contain and cleanup oil spMkiPA does have authority to direct a Responsible Party's a 
cleanup artivities or take oil spill resporrse aoions if there no, viable Responsible Par^, or if a Responsible Party is unwilling 
to take appropriate aaions. EPA utilizes the GilSpiKUabilf^Ttust fund to fund its aaions. 
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Administration Activities and Plans (continued) 


EPA Superfund Emergency Response and Removal Program. TWs program-trains, equips, and deploys resources in 
order to contain and remove contaminants. Under the program, EPA personnel ffi^nd^toor oversee the cleanup bv Responsi- 
ble Parties of thousands of releases, regardless of their cause, EPA fnana^eiand/or-ptotffdes support for a variety of emer- . - 
gency responses, removal assessments, site stabilization^ arKl cleanup f^^nseactions. EPA maintains- national and regional . , 
response, centers for .24.-hour reporting of hazardous material or petroleum relBases. EPA'depioys many advanced technologies 
and other assets during disaster responses, such as-dre Cheinrai^Biotogioi, Radiological, and Nuclear Consequence. Manage-, 
ment Advisory Team; the portable laboratories; ortheairborn:esensorplatfomi(virtrichiscailed.ASPECT). •• 

Department of Transportation Proposed Rules. The Department of Transportation's Pipeline . and Hazardous Materials 
Safety Administration (PHMSA) is .finaiizlng a proposed.rule.on PipelineSafety— Safety of On-Shore Hazardous Liquid Pipe- 
lines. This rulemaking would address effective procedures that hazardous liquid operators can use to improve the protection 
of high-consequence areas and other vulnerable areas along their hazardous liquid onshore pipelines. PHMSA is considering 
whether changes are needed to the regulations covering hazardous liquid onshore pipelines, -whether other areas should be 
included as high-consequence areas for integrity management protections, what the repair timeframes should be for areas 
outside of the high-consequence areas that are assessed as part of the irrtegrity management program; whether leak-detec- . . 
tion standards are necessary, and whether valve spacing, requirements are needed on new construction or existing pipelines.: . . 
PHMSA should extend regulation to certain pipelines currently exempt from regulation. The-Department of Transportatlon.::alsO: . . 
published an Advanced Notice of Proposed Rulemaking on requiring ojl spill-.response.plansfor High-hazard flammable: trains;'’®: 
This'was a companion to a proposed rule setting out comprehensive standards tq improve the rail transportation of.fl'amrnable': 
liquids, including unit.trains of crude oil and ethanol, discussed in Chapter V (Improving Shared transpoil (nfrastructureshf:^^ 
National Oceanic and Atmospheric Administration {NOAA} oil spill programs. NOAA’s Office; of Response and Res- 
toration is charged with responding to^oil spills in coastal and marine en\nronments, and.it provides scientific support to the:. , 
Federal on-scene coordinator. .NOAA employs a number of tools to preemptively reduce' potentiai fist^.fwh^ 
including^ providing expertise Qn:oii spill response plans, environmental sensitivity index .maps, an.d tralectory-an^^^^ 

In addition, NOAA works with the-Bureau of 0«an Energy Management, the Coast Guard, and-Othpr.'FeS^^^^^^ 
td identify particularly sensitive marine environments in siting of energy facilities, and shipping.:lanes.: N.O^ 
role In restoration efforts:.in:the.eyent:ofe;marine spill. 

"Department ofTransportation.'‘UvS. DOT Announces C^oinprehensive Proposed Rulemalunjg for the Safe Traiispoi^tibn of 

Crude Oil. Flammable Materials.” July 23> 2bl4. httpYAftWw.dotgoV^riefmg-room/us-dot-aninounces-CQrnprehensive-- 

pvoposed-ruiernaktng-safe-tfansportation-crude-oiLAccessed February 19,2015.;. . - 

•V Department of Transportation. "U.S. DOT Announces Comprehensive Propdse;d;Ruieitiakihg for the Safe Tfansporta.tion of. 

Crude Oil, Flammable' Materials” July. 23, ZOH.htfeifM'WW.dot.gov/bnefing-fOom/us-dot-announ'CeS-coniprphen'Jive- 
. proposed-rulemaking-safe-transportatioriicmdei-GiLAccessedFebruary 19,2015. . y . : . 


Water Use and Wastewater 

Petroleum relmeries consume the most water and produce the most wastewater discharge of any segment of 
the energy TS&D infrastructure. Despite data limitations, the relative quantities are known: 

• Annual water consumption by petroleum refineries in 2005 was about 1.3 billion gallons per day’’’^’ 
compared to about 4.3 billion gallons per day of total water consumed by thermoelectric power 
generation in 2008.''^ 

. Water withdrawals by both petroleum refineries and thermoelectric power generation are substantially 
greater, meaning that only a fraction of withdrawn water is consumed, while the remainder is 
discharged to the environment. 

Ba.sed on total annual water use of 1,570 billion gallons by thermoelectric power plants in; AveryX, K. et al. ‘'Water use tor electricity iii tlie 
United Slates: an analysis of reported and calculated water use information for 2008.” Environmental Research Letters. 8(1 ). 2013. 
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• Fresh water withdrawals by petroleum refineries in 2005 were approximately 6 billion to 19 billion 

gallons per day,''’^ while fresh and saline water withdrawals by thermoelectric power generation in 2011 
were approximately 196 billion gallons per day.’“- 

Discharges from refineries can also affect water quality (particularly water temperature). Such discharges are 
subject to EPA permitting requirements under the Clean Water Act, which requires system controls for any direct 
discharges to surface waters.’®^ 

Biofuel refineries can also consume large volumes of water. However, the quantity of water consumed during the 
biorefining processes is modest compared to the water consumed to grow bioenergy feedstocks in cases where 
irrigation is required.*'*^ To produce 1 gallon of ethanol, up to 1,000 gallons of irrigation water is consumed, while 
producing 1 gallon of biodiesel from soybeans consumes up to 750 gallons of irrigation water.'°^ Meanwhile, 
ethanol refineries consume as much as 3 gallons of water to produce 1 gallon of ethanol, which is greater on a 
per*gallon production basis than petroleum refining. Biodiesel refineries consume less than 1 gallon of water per 
gallon of biodiesel produced."^’’ 

Nationally, total water use and wastewater production from processing of natural gas and natural gas liquids 
is low, although natural gas liquids facilities can have large local water withdrawal impacts. The construction 
and operation of TS&D infrastructure can also cause significant watershed-level changes in local and regional 
hydrology. 

Dredgmg fVSaterials 

The Army Corps of Engineers oversees 25,000 miles of channels— comprising 13,000 miles of coastal harbors 
and channels and 12,000 miles of inland and intracoastal waterways—and dredges 225 million cubic yards of 
material from US. harbors, channels, and waterways annually.’'” The proper placement of dredged material is 
often a significant portion of the total cost of dredging, particularly if dredged material contains contaminants. 
Dredged material is typically tested, and the method of placement is chosen to minimize costs and environmental 
impacts. Placement of dredged material in open water is regulated by Section 404 of the Clean Water Act, and 
placement in ocean waters is regulated by Section 103 of the Marine Protection, Research, and Sanctuaries Act of 
1972. Many techniques exist for reusing dredged material or removing potentially hazardous components from it, 
and dredged material is increasingly being employed for beneficial uses under Section 204 of the Water Resources 
Development Act of 1992. The Army Corps of Engineers h^s conducted research and development on treating 
and beneficially using or placing dredged material since the 1970s. The Corps will continue to conduct research 
and development on dredging and dredged material placement operations under its Dredging Operations and 
Environmental Research program.'"’ 

Enviroeimentaf Data Related to TSStD Infrastructures 

Finally, data that are important for understanding the environmental characteristics and impacts of TS&D 
infra.structures often are not available or are only available in highly aggregated formats (temporally and spatially). 
Furthermore, these data are often outdated and sometimes not conducive to identifying trends (e.g., they are only 
released every 4 years, or methodologies change so that time series are difficult to compile or are of questionable 
value). These limitations exist with respect to many public health, safety, and environmental quality issues, 
including oil spills and water use, consumption, and waste. In a 2015 report,"' the National Transportation Safety 
Board noted that many t) 9 es of basic data necessary for comprehensive probabilistic risk modeling of natural gas 
pipelines are not currently available. The Boards recommendations included the development of better-quality 
spatial data on pipelines that can be more easily accessed by regulators and operators. Limitations also exist with 
respect to data on the age of certain equipment (e.g., compressors) and infrastructure (e.g., pipelines), as well as 
emissions at a granular level (e.g., from different types of vessels— such as barges versus tankers— or from different 
kinds of compressor motors — such as reciprocating engines versus centrifugal turbines). These latter data are 
important to have so that appropriate priorities can be set for both research and policy. 
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OTHER ENVIRONMENTAL ISSUES 

As noted above, the Administration has a broad range of activities and proposed rules imderway in 
the area of addressing oil spills, so further recommendations in that area are not needed at this time. 
Similarly, environmental controls on wastewater discharges from TS&D infrastructure are adequate. 

To continue to make progress on the handling and disposal of dredging materials and to address issues 
involving environmental data, we recommend the following: 

Conduct research needed on dredging materials. The Army Corps of Engineers, in collaboration 
with other appropriate Federal agencieji, should continue to undertake research and development on 
treating dredged material and then either beneficially using or disposing of it. As efforts continue — 
by the Federal Government and other stakeholders— to enhance shared infrastructures for energy 
commodity transport, focusing on waterway and port improvements, the amount of such material 
may grow substantially and pose a barrier to enhancing waterborne TS&D infrastructure. 

Improve environmental data collection, analysis, and coordination. DOE should work with other 
Federal agencies to improve data and analysis on the environmental characteristics and impacts of 
TS&D infrastructures. This work should be designed to fill the host of data gaps on environment, 
safety, and public health issues with respect to TS&D infrastructure. DOEs activities should take 
into account the recent recommendations by the National Transportation Safety Board on data gaps 
related to natural gas pipelines. 


COj Pipelines: Enabling Infrastructure for GHG Emissions ieductions 

CO 2 pipelines are an important enabling infrastructure for reducing GHG emissions in the future. Carbon 
dioxide sequestration, particularly in connection with enhanced oil recovery (EOR),*^ may involve moving 
COj significant distances from power plants (or other sources) to the sequestration site or EOR field. 

Spanning across more than 12 U.S. states and into Saskatchewan, Canada, a safe and regionally extensive 
network of CO^ pipelines has been constructed over the past four decades. Consisting of 50 individual 
CO^ pipelines, with a combined length of more than 4,500 miles (see Figure 7-8), these CO^ transportation 
pipelines represent an essential building block for linking the capture of CO^ from electric power plants 
and other industrial sources with its productive use in oil fields and its safe storage in saline formations. 

The Pipeline and Hazardou.s Materials Administration (PHMSA)"' is responsible for overseeing the safe 
construction and operation of CO^ pipelines, which includes technical design specifications and integrity 
management requirements. 


The injection of CO^ gas into oil reservoirs at high pressure forces the CO, to mix with oil, whidt reduces tiie viscosity of the oil and 
ultimately increases the total cumulative volume of oil produced, thus the percentage of oil-in-place that is recovered. 

While CO, is not considered a hazardous material by the Department of Transportation, CO^ transportation pipelines are regulated 
under 49 C.RR. § 19.5. Transportation of Hazardous Liquids by Pipeline. 
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Figure 7-8. Current CO^-EOR Operations and Infrastructure’” 
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The current COj pipeline system has been built to deliver COj for COj-EOR to oil fields in the Permian Basin of west Texas and eastern New Mexico, 
This system spans across more than a dozen U,S. states and into Saskatchewan, Canada. 


The vast majority of the CO^ pipeline system is dedicated to CO^-EOR^’ and connects natural and industrial 
sources of COj with EOR projects in oil fields. In 2014> roughly 1,250 billion cubic feet of CO^ (or 68 million 
metric tons) flowed through US. pipelines— roughly 80 percent of which is from natural (geologic) sources. 

In the next few years, several new industrial CO,-capture facilities**' are expected to bring online another 1,100 
billion cubic feet of CO^, with nearly 600 miles of new pipeline by 2020. At that point, the portion of CO^ from 
industrial sources would nearly exceed that from natural sources. 

Currently, just more than 4 percent of total US. crude oil production is produced through EOR, and this is 
projected to increase to 7 percent by 2030.'” Additionally, as recent trends'” in CO^ pipeline planning and 
construction have shown, there is considerable potential for low-cost CO^ capture from ethanol refineries, 
other industrial facilities, and EOR in nearby oil production basins in regions of the country that do not 
yet have CO^ pipeline networks in place. However, given the upfront capital costs associated with pipeline 
construction and the absence of policy incentives for reducing industrial carbon pollution, financial support 
would likely be needed to spur private investments in some regions. 

A national carbon policy would create investment certainty and spur significant new investment in CO^ 
pipeline infrastructure, creating incentives for electric power plants and other industrial facilities to reduce 
CO^ emissions through carbon capture technologies and improving the economics for oil production through EOR. 


A small fraction is used for other industrial uses, such as delivering CO, to the beverage industry. 

For examplc.Air Products’ PCS Nitrogen plant in Louisiana and Southern Company’s integrated gasification combined cycle plant in 
Kemper County, Mississippi. 
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In a low-carbon scenario analysis case analyzed for the QER,*‘^ construction through 2030 would more than 
triple the size of current U.S. CO, pipeline infrastructure through an average annual build rate of nearly 1,000 
miles per year.*^ 

The regulation of CO, pipelines is currently a joint responsibility of Federal and state governments.*^'^ 

CO, transportation pipelines are subject to Federal safety regulations that are administered by PHMSA.''"' 
PHMSA directly oversees pipeline safety for all interstate lines, while intrastate pipelines are subject to state 
agency oversight (as long as the standards are at least as stringent as the Federal rules).^" The Federal Energ)? 
Regulatory Commission and the Surface Transportation Board have determined that CO , pipelines are not 
within their jurisdiction.”'’ Otherwise, requirements for siting (including the use of eminent domain), 
construction, and operations of CO, pipelines are largely handled at the state level. If a pipeline crosses Federal 
land, permits from the relevant Federal agencies (e.g., rights of way) and the accompanying environmental 
review under NEPA are required prior to siting and construction.*® 

State laws that are specific to CO^ pipelines, EOR, and underground storage are varied and generally limited to 
those regions with CO,-EOR projects. Texas, for example, has several laws that pertain specifically to CO^ for 
EOR and geologic sequestration. A CO, pipeline operator in Texas may exercise its right of eminent domain 
if it has declared itself a common carrier, which deems the CO^ pipeline open to transport for hire by the 
public.*^ Texas also has policy incentives, including a reduction in its severance tax rate by 50 percent for oil 
produced from EOR using anthropogenic Ihe Wyoming Pipeline Authority has begun to plan for 

and establish corridors for future CO, pipelines.'"^ Rather than leave future pipeline planning up to individual 
operators, the Wyoming Pipeline Authority is seeking to assist pipeline developers through the pipeline 
construction process by serving as a facilitator and information provider to industry, state government, and the 
public.’^*’- 


The model projects 1 1,000 miles of now pipeline construction, which is more than half the scale that would potentially be needed 
by 2050, to accommodate climate stabilization scenarios modeled by Dooley et al. “Comparing Existing Pipeline Networks with the 
Potential Scale of Future U.S. CO, Pipeline Networks.’ Energy Procedia. 1(1). p. 1,595-1,602. February 2009. 

"'"While COj is not considered a hazardous material by the Department of Transportation, CO^ transportation pipeline.? are 
regulated under 49 C,F.R.$ 195, lYarisportatwri of Hazardous Liquids by Pipe/ine. This distinction is made due to the nature of 
the transportation pipelines, which carries the highly pressurized CO, in a liquid phase similar to other hazardous material 
transportation pipelines. Smaller CO, distribution lines, which transport the CO. from the trunk line to individual wells, generally are 
not subject to Federal safety standards. 

Other Federal agency requirements, depending upon the area involved, can include threatened and endangered species consultations 
and permits for wetlaiids fill. Currently, the Bureau of Land Management regulates CO. pipelines under the Mineral Leasing Act as a 
commodity shipped by a common carrier. See; 30 U.S.C. § 18.5(r); Buys and Associates, Inc. “Environmental Assessment for Anadarko 
E&P Company L.P. Moneil CO^ Pipeline Project.” Prepared for the Department of the Interior, Bureau of Land Management. February 
2003. See also; U.S. Court of Appeals. “970 F. 2d 757 - Exxon Corporation v. Lujan." July 23, 1992. 

Currently, the Bureau of Land Management regulates CO, pipelines under the Mineral Leasing Act as a commodity shipped by a 
common carrier. See; 30 U.S.C. § ISSfr); Buys and Associates, Inc.“Environmental Assessment for Anadarko E&P Company L.P. 
Moneil CO, Pipeline Project.” Prepared for the Department of the Interior, Bureau of Land Management. February 2003. See also: US. 
Court of Appeals. “970 E 2d 757 - Exxon Corporation v. Lujan.” July 23, 1992. 

"^Texas Natural Re.sources Code Annotated § il 1.019(a) (West); Texas Natural Resources Code Annotated § 111.002(6) (West), 

"'^Ibc Wyoming Pipeline Authority recently announced its application to the Bureau of Land Management for a Wyoming Pipeline 
Corridor Initiative. See; Wyoming Pipeline Authority. “Wyoming Pipeline Corridor Initiative.” WWW. wyopipeiine.con'i/projects/ 
wpei/. Accessed January 26, 2015. As described by the Wyoming Pipeline Authority, the initiative is a proposed pipeline right-of-way 
network designed to connect sources of CO, to oil fields that are suitable for EOR. The initiative, as proposed to the Bureau of Land 
Management, would establish 1,150 miles of corridors on Federal lands in "The Wyoming Pipeline Authority would be the 

project proponent receiving the right of way, which would then be assigned to individual project proponents, wEich would construct 
and operate pipelines. See; W'yoining Pipeline Authority. “Wyoming Pipeline Corridor Initiative Plan of Development." May 2014. 
wwvv.wyopipeline.coni/wp"Content'upfoad&'2014/06AA'PCLPOO_may_2014.pdf. Accessed January 27,2015,). 


QER Report: Energy Transmission, Storage, and Distribution Infrastructure \ April 201 5 7-25 



336 


Ch<3pterVii: Addressing Environmental Aspects of TS&D infrastaicture 


QER Recommendations 


CO^ PIPELINES 

Meeting U.S. GHG emission goals will require a more concerted Federal policy, involving closer 
cooperation among Federal, state, and local governments. The development of a national CO, pipeline 
network capable of meeting Federal policy initiatives should build on state experiences, including 
lessons learned from the effectiveness of different regulatory structures, incentives, and processes that 
foster interagency coordination and regular stakeholder engagement. To expand current Federal efforts 
to meet these challenges, we recommend the following: 

Work with states to promote best practices for siting and regulating CO^ pipelines. Improving 
CO, pipeline siting will improve safety and environmental protection. Several states have 
made substantial progress on this front and provide potential models for other states. DOE, 
in cooperation with Federal public land agencies, should take a convening role to promote 
communication, coordination, and sharing of lessons learned and best practices among states that 
are already involved in siting and regulating CO^ pipelines, or that may have CO^ pipeline projects 
proposed within their borders in the future. 

Enact financial incentives for the construction of CO^ pipeline networks. Expanding and 
improving CO^ pipeline infrastructure could enable GHG reductions through carbon capture, 
utilization, and storage, while promoting domestic oil production through EOR. Providing 
incentives such as grants or tax incentives will spur activity to link low-cost CO^ from industrial 
sources to nearby oil fields and saline storage formations. The Presidents Fiscal Year 2016 Budget 
Request proposes the creation of a Carbon Dioxide Investment and Sequestration Tax Credit in 
order to accelerate commercial deployment of carbon capture, utilization, and storage, as well as to 
catalyze the development of new carbon capture, utilization, and storage technologies. Specifically, 
the proposal, part of the Presidents POWER+ Plan to invest in coal communities, would authorize 
$2 billion in refundable investment tax credits for carbon capture technology and associated 
infrastructure {including pipelines) installed at new or retrofitted electric generating units that 
capture and permanently “sequester” CO^.'^^ Congress should enact this proposed tax credit. 
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RECOfWMEHDATIONS IN BRIEF: 

Addressing Environmental Aspects of TS&D Infrastructure 

(Including environmental recommendations discussed elsewhere in this report)^ - 


Improve quantification of emissions from natural qas transmission, storage, and distribution (TS&D) 

infrastructure. Congress should approve dre $ 10 million requestedinthe Fiscal Year 2016 Budget to help update 
Greenhouse Gas Inventory estimates of methane emissions from natttaf gas systems, The Department of Energy (DOE) and the 
Envrronmental Protection Agency should undertake a coordinated-approach, building on stakeholder input, to ensure that new 
research and analysis is targeted toward knowledge gaps UTaddiessaf by other researchers.- ■ 

Expand research and development (R&D) programs at DOE on cost-effective technologies to detect and 

reduce losses from natural gas TS&D systems. DOE shouldleveiageits R&D efforts In this area to facilitate broader air 
quality benefits. 

Invest in R&D to lower the cost of continuous emissions monitoring equipment. To futt'ncr improve safety and 
reduce emissions from natural gas systems, additional R&D— -as propa^ in the Fiscal Year 2016 Budget— is needed to 
reduce, costs and enable deployment of continuous emissions monitoringtechnologiesr : 

Support funding to reduce diesel emissions. To protect workers and nearby communities through further reductions 
in diesel particulate matter emissions from ports and rail yards, the Administration proposed and Congress should provide 
funding for the Diesel-Emissions Reduction Act and other related programs. 

Collaborate on R&D on the beneficial use and/or disposal of dredging material. The Army Corps of Engineers 
and other appropriate Federal agencies should undertake collaborative R&O-on treating and then either-benefidally using or 
disposing of dredging material. 

Improve environmental data collection, analysis, and coordination. DOE should svork with other Federal agencies to 
improve data and analysfeon the environmental chararteristics and impacts of IS&D infrastructures . 

Work with states to promote best practices for regulating and siting carbon dioxide (CO^) pipelines. Building 
on successfulstate-models-for COj pipeline siting, DOE, in cooperation with Federal public iand agencies should takera: - -- 
convening-roleta promote communication, icoordination, and sharing of lessons learned and hesfepractiees among state^^ 
that are. already involved in siting and regulating COj pipelines, or that may have CO, pipeline prelects proposed within their 
borders in the future, 

Enact financial incentives for the construction of CO, pipeline networks. Cong.-ess should enact the 
Administration's proposed Carbon- Dioxide Investment and Sequestration Tax Credit, which would authorize $2 billion in . 
refundable investment.tax credits for-carhon capture technology and associated infrastructure (including pipelines) installed at 
new or retrofitted electric generating units that capture and permanently “sequester" CO,. 

Enhance TS&D resilience to a variety of threats, including climate change and extreme weather (discussed in Chapter II, 
Increasing the Resilience, Reliability, Safety, and Asset Security of TS&D Infrastructure). 

Enhance natural gas safety, efficiency, and lower emissions by reducing natural gas leakage and improving the 
efficiency and safety of the natural gas infrastructure through support: for innovative programs to upgrade natural gas 
distribution system performance through targeted funding to low-income consumers (discussed in Chapter il, Increasing the 
Resilience, Reliability, Safety, and'Asset SecurityoiTS&D Infrastructure), : ■ 

Accelerate current development of uniform methods for measuring energy savings and promote widespread 
adoption of these methods in public and private efficiency pr'ogtafiis (distassed-in Chapter 111, Modernizing the Electric Grid). 
Partner with the Arctic Council on Arctic energy safety, reliability, and environmental protection icisciissed in 
ChapterVI, Irrtegrating NorthAmeFicartErtergyMarkets). 
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Chapter VIII 

ENHANCING EMPLOYMENT 
AND WORKFORCE TRAINING 


This chapter gives an overview of current and projected employment in and 
related to the energy sector and discusses programs to assist in meeting the 
demand for new workers going forward. The first section provides estimates 
of jobs in energy transmission and distribution and jobs related to energy 
systems overall, with forecasts out to 2030 for jobs supported by the energy 
industry. The second section discusses the impact of an aging workforce. The 
third section discusses specific energy workforce demands related to electricity, 
natural gas, and shared infrastructures. The remainder of the chapter discusses 
potential responses to address the demand for new energy workers. A number 
of data challenges in understanding employment in the energy sector are also 
discussed. The chapter concludes with a description of current Administration 
activities and plans, as well as a number of recommendations for further action. 
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FiNDINGS IN BRIEF: 

Enhancing Employment and Workforce Training 






Approximately 1 million people were employed in energy trammlsiiaii end dhtribiitlon jobs toggo.Htis 

I represented almost G:75 percent of U5. ciffl!ianjobs.-ifea ’ " ^ . .... -v.- 

I trartstnissipn apd distribution activity, i 

Projections indicate that, by 2030, the energy sector overall, including the traidiinission, storai 
distribution segment, will employ an additional 1 5 million worbm >2 t of tl^jobs wOl be 'rf|i 
V'- rnstallation andmaimenance, and transportation. anc approximately 200.000moreworltm with com;i'i!c >.pidiiHlhematits 
'i; skills will be in dematid. 

Changes in the electricity sector, in particular, affect the number and types of energy jobs. New technoiouies arei 
as' changing the skill sets in deihand in the electricity wofkteft'treaBng of^tlunities that indade lifility managemebt positions;; 
!i5 for smart gnd programs, meter installers and service piadden mteUgent tfansrotssion and distribotiott automation device . ; ; 
is.; producere, communications system products and services providers, and sofliyare .system providers and integrators. 

. Accelerating methane abatement actions in the natural gas transmission, storage and distiibutioii system is 
projected to support a significant number of jobs. One study projects that an accelerated replacemi ■■■'. ■, .i,- . 

;;s witbid^^^ 

New job-driven training strategies, reflecting a broader range of needed skills, will be requii ed to meet the 
challenges of the future. Whether it is by expanding training curricula to use the latest educational tools and techniques, 
moving to a competency-based system of evaluating eduCafioiialand training outcomes, or engaging new pools of potential 
Blent (such, as veterans), innovation in methods to attract and traifi the .transmission, storage, and distribution infrasttuaure 
. . workforce of the future will be requited. 

priorities in the area of jobs and tiw^lS^^ining and establishing effective programs requires 
good data. It is dallenging both to defl«e;and the energy im^ry because of how employment data in the 

United States are organized arid published. Ihissh^^pfen is especially c&al in job categories experiencing high growth^ 
fSisartirapW^^^ — 
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Estimates of Transmission and Distribution Jobs 

Significant new investment in U.S. energy infrastructure is anticipated over the next few decades. The 
resulting changes in the transmission, storage, and distribution (TS&D) infrastructure — discussed throughout 
this report — tvill create new' job opportunities for skilled workers. At the same time, the current TS&D 
infrastructure will need to be maintained. Tliese factors, expansion of the energy sector, requirements for 
workers with new skills, and anticipated workforce retirements will create demand for new workers in energy- 
related jobs. 

An analysis of jobs in the TSSfD sectors performed to inform the Quadrennial Energy Review (QER) found that 
approximately 1 million people were employed in direct jobs and 900,000 in indirect jobs (.see box for definitions), 
totaling just over 1 percent of US. civilian jobs (see Table 8-1).' An additional 2.0 million direct and 1.5 million 
indirect jobs were supported by the other energy industry sectors.*-'' 


Table 8-1. Total U.S, Direct and Indirect Jobs in Energy T&D In 2013^ 


Sector 

Direct 

Indirect 

Total 

Electricity T&D 

506,882 

441,963 

948,845 

FuelT&D 

470,204 

436,087 

906,291 

Total Energy T&D Employment 

977.086 

878,050 

1,855,136 


Approximately 1 million people were employed in direct jobs and 900,000 in indirect jobs in energy-related sectors considered in the QER analysis, 
totaling just over 1 percent of U.S. civilian jobs. 


Projections indicate that, by 2030, the full energy sector will support 
1.5 million additional direct jobs— most of which will be in construction, 
installation and maintenance, and transportation— and an additional 
1.8 million indirect jobs. Due to the technical nature of the energy 
workforce, a number of these emplo)’TOent opportunities will be open to 
workers with science and engineering backgrounds. Forecasts suggest 
that, by 2030, about 200,000 workers with skills in computers and 
matliematics and roughly an equal number of architects and engineers 
will be in demand.-’'-" 

As with any transformation, employment in some occupations will 
decline as some mfTa.structures tran.sition or become obsolete, while new employment opportunities will exist 
in both more established industrie.s (e.g., oil and gas) and newer industries (e.g., renewable energy and the 
smart grid). 


Direct Jobs: Jobs created from, 
economic aaivi^ associated with the 
investment of operation of the entity 
under consideration.. 

Indirect Jobs: Jobs created in 
directly affected businesses and 
other supply chain entities as a result 
of the investment or entity operation. 


" To obtain the estimate of 1,9 million jobs, the direct jobs were idenlitied through Bureau of Labor Statistics Quarterly Cemsus of 
Employment and Wages data and Railroad Retirement Board data. The Bureau of Labor Statistics data includes employment in U.S,- 
based establishments, including, for example, oil rigs in U.S. territorial waters. The indirect jobs were output from the IMPLAN model. 
Jobs in energy storage are not as clearly defined, as what encompasses storage is sector and technolc)gy dependent. For this reason, 
this report only examined transmission and distribution jobs. 

^ Due to data and other limitations, the.se findings are approximations. These estimates cowr industries categorized as electricity 
generation, electricity transmission and di.stribution, focls, extraction and production, fuel sales, and fuel transmission and 
distribution. This is imprecise, as it does not include energy efficiency or emerging industries that arc not well covered in existing 
statistics, and it may include some jobs that do not count as energy jobs. This analysis is also limited by the fact foal the skill mix 
of energy industries is based on historic data. Nonetheless, these data can provide guidance about the need for future training 
requirements in the energy industry, 
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Aging and ietiring Energy Workforce 

In 2006, a consortium of energy utilities and trade associations created the Center for Energy Workforce 
Development to “work together to develop solutions to the coming workforce shortage in the utility industry.”'* 
Ihe Center has developed a set of activities aimed at identifying gaps in the workforce pipeline, including 
general Jobs skills (e.g., interpersonal skills and critical and analytical thinking) and industry-specific technical 
competencies (e.g., non-nuclear generation). According to a 2013 Center for Energy Workforce Development 
survey, 38 percent of the employees in the electric and gas utility sector may retire in the next decade 
(see Figure 8-1), creating demand for skilled technicians and engineers.® The oldest group of employees is 
composed of electric transmission and distribution technicians. The industry has, however, seen an increase in 
younger employees, especially in line workers and engineers, which the Institute of Electrical and Electronics 
Engineers credits to progress made in workforce development efforts across the industry.® While surveys of all 
U.S.-based occupations are not available, 38 percent is approximately 1.5 times the percentage reported in a 
related study for all U.S. occupations.'' 

Figure 8-! . Workforce Age Distribution in the Electric and Natural Gas Utilities by Percentage of Total Employees® 

% of Employees 

25 — 


M 2006 m 2007 ■ 2010 M 2012 



Age 

The largest percentages of utility employees are in the 48-52 and 53-57 age groups; 38 percent of electric and natural gas employees will be 
eligible to retire in the next decade. 


Energy Sector Workforce Demands 

The transformation of the energy economy; the need for enhancing resilience, reliability, and safety; and the 
need for managing dramatic changes in the current US. energy profile are resulting in shifting demands for 
skills across energy sectors. Some examples are provided in this section. 

Electricity 

The grid of the future will require a full spectrum of skills, including “utility management positions of smart 
grid programs (project office leadership, program support, quality assurance, planning, functional support, 
implementation operations and support, functional specialists), meter installers and service providers, intelli- 
gent T&D automation device producers, communications system products and services providers, and soft- 
ware system providers and integrators.”’ 
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External analyses’^* have identified industry demand for employees with both information technology and 
operational technology skills. For example, new skills are in demand for distribution-level grid operators 
to respond to increasing complexity in the networked and information technology-intensive system. 
Deployment of advanced metering technology in the transmission and distribution system requires two-way 
communication between the utility and each customer and/or the multitude of intelligent devices that will 
live on the grid. This, in turn, creates demand for many more network and radio engineers than utilities have 
employed in the past. Additionally, the resulting ‘big data’ challenges will create a demand for employees with 
data management, network management, and cybersecurity skills at the same time that other industries are 
demanding the same skills. “ 

Maintaining reliability in the electricity sector will also drive demand for skilled workers. The Department 
of Energy (DOE) Electricity Advisory Committee, in a 2012 memorandum to the DOE Assistant Secretar y 
for Electricity Delivery and Energy Reliability, noted the North American Electric Reliability Corporation’s 
concern that “reliability is at risk if the workforce lacks the necessary skills and knowledge or if workers are 
overtaxed by their responsibilities.”'^ 

'Ihe modernization of the electricity sector is changing the employment opportunities available. For example, 
automated metering will vastly reduce the number of meter readers, while the demand for meter technicians 
will rise. Retraining employees to take higher- skilled positions will be critical. 

Oil and Gas 

An analysis of employment by IHS in the oil and gas sectors identified 919,000 direct jobs in 2010. The same 
analysis estimates that the number of jobs in the upstream and midstream oil and gas sectors will grow 1 1 
percent (84,000 jobs) between 2010 and 2020 and 20 percent (155,000) betw^een 2010 and 2030. An additional 
227,000 job opportunities were projected due to replacements of existing employees in the upstream, 
midstream, and downstream oil and gas sectors between 2010 and 2020 and 503,000 opportunities between 
2010 and 2030 were projected.'^ 

In addition to an increase in the number of employment opportunities, the oil and gas sectors are also 
experiencing a shift in required skills as the nature of extraction and production becomes more complex 
and regulatory and technical requirements become more sophisticated. One study'* identified petroleum 
engineering faculty retirements as a cause for concern in maintaining a pipeline of qualified engineers over the 
next 20 years. Notably, a survey of petroleum engineering faculty indicated that approximately 37 percent were 
over 60 years of age in 2013, while another one-third were between 50 and 59 years old. 

r^atural Gas Pipelines 

Improving safety and environmental management for natural gas TS&D could support a significant number of 
jobs. A BlueGreen Alliance analysis on the employment implications of public and private sector investments 
in methane abatement and infrastructure modernization within natural gas TS&D found that accelerated 
pipeline replacement (iO-year time frame) could support 313,000 jobs throughout the economy. This number 
is sizable compared to the 63,000 jobs supported in the "business-as-usuaf 30-year replacement timeline. 

Shared Infrastructures 

Employment profiles for shared freight transport modalities— rail, barge, ports, and trucks— are also 
increasingly important to the energy sector. The Bureau of Labor Statistics (BLS) indicates that 26 percent ot 
the trucking workforce. 20 percent of the rail workforce, and 21 percent of the maritime workforce are aged 55 
or older, compared to 22 percent in all US. industries (see Figure 8-2); although, individual occupations can 
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have an older workforce^® BLS also projects that overall employment in select freight transport occupations'^ 
will increase by 200,000 from 1.9 million to 2.1 million between 2012 and 2022. Replacing employees that are 
eitlier exiting the workforce or moving to other occupations would create a demand for approximately 210,000 
additional workers in these occupations, according to BLS experimental data and analysis being conducted in 
coordination with the Departments of Education, Labor, and Transportation.'^ 


Figure 8-2. Age Distribution of Select Transportation Workers (2014)’^ 


Tota! employed 

Tnjck drivers, drivers/sales 
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Ship and boat captains 
and operators 

Sailors and marine oilers 

Railroad conductors 
and yardmastws 

Railroad brake, signal, and 
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Locomotive engineers 
and operators 
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the percentage of transportation workers in rail and maritime positions over 45 years old exceeds the national average; the percentage of workers 
over the age of 55 in these occupations is comparable to the national average. While age information on tractor-trailer drivers is not available, BLS 
data indicate that the trucking workforce is older, on average, than other occupations. Numbers may not add to 1 00 due to rounding. 


Workforce Training Strategies 

Job-driven training strategies will vary by energy industry sector, but there are a number of common themes, 
including the following. 

Assess Required Skills 

In the future, many of the jobs in the energy industry, which include jobs in TS&D systems, will require a much 
more diverse set of skills than similar jobs in the past. It is difficult to assess exactly what skills will be in demand 
because new classes of jobs (e.g., smart grid designers and operator, cyioersecurity experts, and smart building 
designers and operators) have not developed nationally accepted certifications. Industry-led skill assessments are 
critical to ensuring that private and public sector support is targeted to the highest-priority areas. 

Expand Training Curricula and "Hands-On" Learning 

Better use of the latest educational tools and techniques could assist in the training of new workers. Modern 
information technology tools enhance teaching methods, allowing individualized training that makes direct 
connections between abstraction and concrete problems using simulations and other tools. States, in particular, 
may benefit from access to specialized Federal technical programs and better coordination with Federal 
economic development resources to deploy these curricula and technologies. 

^ Select occupation codes are for water transportation, rail transportation, and heavy tractor-trailer truck drivers- 53-3032 53-4011 53- 
4012. 53-4013, 53-4021, 53-4031, 53-5011, 53-5021, and 53-5031. 
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Move to Competericif-Based Evalyations 

'Ihere is growing interest in defining education and training goals not in terms of inputs (semester hours) but 
in terms of outputs (“competency -based ev'aluations”), Information technologies offer powerful new tools for 
measuring a wide range of skills using simulations and other methods. They also offer interesting opportunities 
for increasing the efficiency and quality of learning systems, in part, by tailoring instruction to the revealed 
skills and interests of each student. 

Engage Veterans and Facilitate Their Entry into Energy Jobs 

At a time when 200,000 veterans are leaving the military annuaUy, recruiting and training them for energy 
jobs can reduce the skills gap in a critical set of industries. A shift to competency-based credentialing would be 
particularly useful for veterans because they enter the civilian workforce with a unique set of skills— skills that 
may not be recognized by civilian certifications (c.g., military time at sea is not recognized toward merchant 
marine requirements). As a result, veterans are often required to go through courses where they already know 
a large fraction of what is needed. As certifications and evaluations are developed for new energy skills, veteran 
engagement needs to be at the forefont. 

Data Challenges 

Defining priorities in the area of jobs and workforce training and estabiishing effective programs requires good 
data. It is challenging both to define and quantify jobs in the energy industry because of how employment data 
in the United States are organized and published. Employment data in the United States are usually organized 
and aggregated according to what industries produce or according to individual worker occupations. Even at 
the greatest possible level of employment data detail, it is not easy or straightforward to identify what portion 
of jobs in an industry or occupation is involved in energy. 

.BIS employment data are reported according to the North American Industry Cla.s,5ification System, which 
represents different types of economic activity. North American Industry Classification System data lack 
the specificity to identify what portion of jobs fall under an industry or occupation involved in energy. For 
example, the code for power and communication line and related structures construction includes workers 
primarily engaged in the construction of power lines and towers; power plants; and radio, television, and 
telecommunications transmitting/receiving towers.'” 'fhis kind of breadth encompasses multiple skill sets and 
is insufficiently detailed for job.s planning or workforce training assessments. 

Ihe lack of information is especially critical in categories experiencing high growth and rapid technological 
change. For instance, a recent BLS'’ report counted 4,800 solar installer jobs in the solar industry at a time 
when the Solar Foundation’s annual jobs census identified more than 84,000 solar installers.”" Ihis large 
difference results from the fact that .solar installation jobs are classified as "construction” under current BLS 
definitions. Energy generation, distribution, and consumption jobs have become embedded in so many 
different .sectors of the economy and in .so many ways that jobs that are primarily energy focused are attributed 
to the sector where they are housed. As a result, energy jobs are classified with traditional job skills identifiers— 
making the role that energy is playing in the American economy difficult to measure, understand, and plan for. 

The North American Industry Classification System, managed jointly by the United States, Canada, and 
Mexico, is updated every 5 years to reflect changes in the North American economies. As part of that process. 
BLS is currently soliciting comments on new classifications for oil and gas production. Future changes may 
need to be incorporated as the energy sector continues to evolve. 
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SaiaeMMiustry and Labor Energy Workforce Training/Development Resources 

'■ " ' .“ ' ■ s’ t — “ 

The fundamental shifts in the Nation's energy tarateape extend to the workforce that constructs and operates the energy 
' infrastructure. Changes can be seen in botbtradiBoniidliectetiergyn’eiated feldsfobs, as well as rn a host of nontraditianal 
; energy occupatrotts and sectors, including sonw where enet® had not previously played a major role. A wide range of 
initiatives to build and train a competitive domestic eneii®;workforce can be found throughout energy-relevant industry and 
labor organizations, colleges, trade schools, and state and.localgoveminents. The feltowing examples are of industry- and 
labor-sponsored workforce resources: .\ ^ 

The Center for Energy Workforce Develo|>inei»tfea nonprofit consotBuro of electric natural gas and nuclear ulilrties^^^^:a^^^ 
and their associations. Working with contractors, unions, and eihicalional insBtutiotis, the Center for Energy Workforce . 

Development focuses on building a skilled wsrkfotce'pipelineto meet future Industry demands. Information can be found at 

: : wwKcevvcl.org, The Center for Energy Workforce Developmentalso operates the Troops to. Energy Jobs websites, which 
military veterans map military occupational spedafties to eneigy industiy jobs. Information can be found at 
www.troopstoenergyjObs.com, -.rriniio 

The Solar Energy Industries Association's member-led Installer Safety & Workforce Development Working 
Group provides guidance and information to members regarding training opportunities, certifications, and more. Additionally, 
the Solar Energy Industries Association coordinates with training providers and certification organizations to provide 
information and guidance to membere. Information canbe feutidatwww.5e(a.org/policyi 
development. V' -i 

The American Petroleum Institute hosts the APHf Tmiaing resource, which sponsors training programs and 
provides continuing education for oil and gas professionals, as we|l as courses for new entrants into theindustry. Information 
can be found at www.api.otg/events-and-traming/api-u-tfaming.The American Petroleum Institute has also developed the 
. Oifand Gas Workforce portal to connect applicants with job opportunities in the industry, info.rmation can be found at 
“''■:'::www.oilgas«vorkta<!e.com. ' 'i"; 

The Institute of Electrical and Electronics Engineers offe^ijf-j^^ education, career, and job-placement 
.tespufclsifo'r teclmlcat professionals, as well as an analysis on.^;^^|^8nds-irt energy -and non-ipne®. fields. 

Information can be faUnd'atwvvw.ieee.org/education_careers;vg^g||^i,V : " v 
The Association of American Railroads maintains resourci|S^^^Sdeos and profilw of rail employees with military 
service, job fait listing^ijobboards, and websites where railroadi^|^|ftps^%ienings, as welfi^ websites developed by 
railroads to connect with men and women in the military. lnfor|^6|iSf%found at wwvyaar.orgriobs. 

, , Heijistbts to Hatdhats Is a nonprofit program that connects with training'aBd career opportunities rri the 

biilldjnp ttades, most of which are conneaed to federally recogii^'.^^Wticeship programs with trade organizations 
tnformationcanbefoundatwww.hGlmetst6hardbats.org. 

The Utility Workers Union of America represents workers gasv water, ana nuclear industries. The Util'ty 

Workers Union pf America’s P^er 4 America TkaWnglhisLffci^^^’ to recruit and train workers, with an associated 
!; V Online resource, center that serves to, track training and cerStaSonvprbgress and provide access to apprenticeship and 
continuing education progratris. information can be fouhdatwijWvirowerAameSca.org. . 

The North America's Building and Construction Trades IMitdns funds and operates an extensive workforce 
.S i development, framing,, -and craft apprenticeship infrastructure iri-aslange of energy-related fields.:Sis includes slare-of-the-^^, a 
art construction training centers, mobile training centers and wekfcg booths. Tiiformation can be found at www.tida.org. 

.a :,, Members of North America's BuildWg and CpnstructioniTradestWhtis that also hai/e energy-related workforce training trust 
ss: funds include the International Brotherhood of Electficat Workers^ laborers' International Union of North America: the , 
United Assoa'ation of Journeymen and Apprentices of tePlamblrgvand Pipe Fnung.Wustry of the United States. Canada and 
11 S^ftlSarid tlfo Iftfornatipnal Uiiian of Operating EngineeK. 
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Examples of Administration Activities for Energy-Related Employment and Workforce 
Training 


• The Administration's Ready to Work Initiative, tedby theOffice of the Vice President, and passage in 2014 of the Workforce 
Innovation and Opportunity Act have led to several: important efforts in the energy- sertor. In addition to the significant invest- 
ments in energy and advanced manufactuting workforcetraining described in this section, the newly formed Skills Working 
Group, an interagency task force of 13 Federal agencies chaired bythe Secretary oflabor, has focused on the energy sector 
as one of six key opportunity areas for expanding apprenti^hips, building career pathways to the middle class, and initiating 
place-based initiatives to expand opportunities to undeisenred comrounities. 

• The President's Fiscal Year 2016 Budget proposed the-POWER-l- Plan to help these communities adapt to the changing energy 
landscape and build a better future. The POW€R-e Plan Invests in workers and jobs, addresses important legacy costs in coal 
country, and drives development of coal technology. TNs year, the Administration will make a down payment on the POWER-t 
Plan by beginning to implement a key part of the effort—the Partnerships for Opportunity and Workforce and Economic Revi- 
talization initiative. The initiative will be a coordinated effort involving multiple Federal agencies, with the goal of effectively 
aligning, leveraging, and targeting a range of Federal economic and workforce development programs, and resources to assist 
communities negatively impacted by changes in the coal industry and power seaor. 

• Through First lady Michelle Obama and Or. Jill Biden's Joining fevees Initiative, businesses have hired nearly 700,000 veter- 

ans and military spouses, including energy companies, and 49 SatesSave removed cfedemialing impediments for separating 
service members. Y ■ 

• in April 2015, the Department of Energy (DOE), in partnersMpvyiihithe Department of Defense, launched a Solan Ready Vets '. 
program at 10 military bases across the cquntty. The program atso ihctudes participation from- Camp Pendleton in California; ■ : 
Fort Carson in Colorado, and Naval Station Norfolk inVirginia— all of which annouriced pilot initiatives earlier this year and are 
serving as models for the Solar Ready Vets program— and Hill Airforce Base in Utah, The program will support DOE'in meeting 
its goal to train 75,000 people to enter the solar workforce by 2020, some of whom will be veterans. 

• doe's technical and financial resources, primarily focused on the development and'depioyment Of energy technology, are 
playing a significant role in the Skills Working Group. Those activities include identifying new opportunities fot apprenticeships 
and career pathways, such as in the solar industry where DOE'S SunShot Initiative worked with the industry to develop the Solar 
Instructors Training Network. The network created a training curriculum for teaching photovoitaic ihstatlEitiori in community 
collegesand then successfully trained 800 faculty members in 400 institutions who in turn graduatediSOiOBO Students.; 

• The Department of Labor has granted $450 million in Trade Adjustment Assistance Communiiy COllege and Career Tralriing 
grants tO'nearly270 cbrnmuhity colleges across the country, including a concentration; oh enirgy ah associated adyaficed 

: manufacturing. AddiforidltyriinrDeser^^ 2014, the Department of Ubor announced tfoAtn^teati Apprehticeshi|j: grants 
Competition— a $ J OO-millipn:gfant program to launch apprenticeship models inhigh-grpi^lr fleldsisu^ 
expahd.appremiceshipmodeiS ttiativvdrk. thislinitiatIve to expand "hands-on" learning: Is; 
number of apprenticeships in the Uhitid; Slates :in the next 5 years. 

• , DOE. has created its new Jobs Cpuhcilr Which, brings together the diverse energy programsiOf the -Department with its' 

rieS and technology resources to acceletate job creation across all energy sectors in partnership wifo other federal agenefe, the 
private se^or, and state and local governments. Along with the SunShot Initiative, other successful programs lit fhfS: areajnclude 
the Carbon Fiber Consdrtiura-fa partnership'of laboratories, materials companies, and educational insfitufipnsiana the Clean 
Energy Manufacturing initiative (a crosscutting initiative focused on dean energy products and processes), among many others. 

• DOE has been deeply engaged with both traditional and new energy sectors, developing curricula and/or certification standards 
for the solar, unconventional natural gas extraction, and-buildihg energy efficiency industries, for instance, For example, DOE'S 
partnership with the National institute of Building Sciences B woiking to establish a common certification for five specific 
energy management positions by establishing the Better Buildings Workforce Guidelines through the Commercial Workforce 
Credentiaiing Council DOE's National Energy Technologylaborattry, based in Pittsburgh, Pennsylvania, partnered with West- 
moreland Community College to develop an industryrspedfic initiative, ShaleNet, which utilized a three-dimensional simulator 
for use in training for the natural gas industry. This effort succeeded in graduating and placing thousands of new employees in 
that rapidly growing industry. In addition, through DOE's Office of Economic Impact and Diversity and its new Jobs Council, the 
Department's programs have focused on driving energy opportunities to traditionally underserved communities, as welt as to 
veterans and other specific populations. 
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QER Recommendations 


The challenges facing workforce training for Jobs associated with TS&D infrastructure mirror the 
broader issues facing the energy sector as a whole. For this reason, current Administration activities 
and the QER recommendations described below have the potential to broadly benefit the entire energy 
sector beyond their benefits to workers associated with TS&D infrastructure. In order to build on the 
ongoing Administration-wide activities, we recommend the following: 

Support an energy-job skills training system: As part of the interagency Skills Working Group 
with the Departments of Energ)', Labor, and Education, the Administration should support actions 
for a national Job-driven skills training system in the United States by providing new energy 
and advanced manufacturing curricula; designing new and enhanced apprenticeship programs; 
establishing industry-based credentialing standards for new technologies; and implementing 
innovative online learning systems, such as the National Training and Education Resource Web- 
based learning platform. 

Expand support for an open-source learning commmuty: DOE should develop, facilitate, and 
expand use of state-of-the art courses in energy-related fidds through a competition to solicit 
proposals from organizations that would maintain and continuously improve the National Training 
and Education Resource. The National Training and Education Resource platform can hdp colleges 
lacking sophisticated resources to build and deliver courses using state-of-the-art methods. It can 
provide a full set of tools, including course authoring, a three-dimensional world builder, a traditional 
learning and content management system, and support for multiple content types— including images, 
text, and multimedia — all within a course. 

Coordinate efforts to accelerate the development of high-quality energy education programs: DOE 
should coordinate efforts to accelerate the development of energy and manufacturing curricula and 
apprenticeship programs with existing Department of Labor or National Science Foundation programs 
to (1) develop and deliver courses in energy and advanced manufacturing topics; and (2) provide 
technical support in the form of simulations, visualization tools, cognitive tutoring, and other resources 
in energy and manufacturing. 

Facilitate national credentials for energy occupations: DOE should support and, as necessary, 
facilitate an industry-led process of defining needed skills in a number of emerging occupations. This 
would build on DOE’s experience in the building retrofit space. These needed skills can be translated 
into specific certifications, including “stacked credentials” modeled after competency-based education. 

Facilitate Ae transition of military veterans into the energy sector: DOE, in conjunction with 
the Department of Labor and the Department of Defense, should work with industry and other 
stakeholders to standardize the applicability of Military Occupation Codes to civilian Jobs in energy 
sectors. 

Reform energy employment data collection systems: DOE should establish an interagency working 
group— to include the Departments of Labor and Commerce — to reform existing data collection 
systems to provide consistent and complete definitions and quantification of energy Jobs across all 
sectors of the economy. Because employmient data is collected by the State Employment Security 
Agencies, the success of this initiative will necessarily require their engagement, as well as identifying 
and mitigating barriers to implementation. 
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RECOMIWEM0ATIONS IN WIEF; 

Enhancing Employment and Workforce Training 


Support an energy-job skills training system throughthe interagency Skills Working Group. The training system 
should include new curricula, apprenticeship programs, industry-based credenttaling standards, and innovative online learning 
systems. 

Expand support for an open-source learning community to develop, facilitate, and expand use of state-of- 
the art courses in energy-related fields. These efforts should work to maintain and improve the National Training and 
Education Resource platform. . , 

Coordtate efforts to accelerate the development of high-quality energy and manufacturing curricula and 
apprenticeship programs. The Department of Energy {DOE) shoiiid.rxrprdinate with existing Department of Labor and 
National Science Foundation programs. , i. 

Facilitate national credentials for energy occupations, DOE sbouid support and facilitate an industry-ied process of 
defining needed skills in a number of emerging occupations. 

Facifftate the transition of military veterans into the energy sector. DOE should work with tbe Departments of Labor 
and Defense and stakeholders to standardtee the applicability of Military Occupation Codes to civilian jobs in energy sectors. 
Establish an interagency working group to reform existing energy jobs data collection systems. DOE should 
convene a group with the Departments of Labor and Commerce to provide complete and consistent definitions and 
quantification of energy jobs across all sectors of the economy. 
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Chapter IX 

SITING AND PERMITTING OF 
TS&D INFRASTRUCTURE 


This chapter is devoted to issues surrounding the siting and permitting of 
transmission, storage, and distribution (TS&D) infrastructure, building on the 
general identification of those issues in Chapter VII (Addressing Environmental 
Aspects of TS&D Infrastructure). The first section highlights the multiple 
jurisdictions involved in permitting. The second section describes the need for 
close collaboration with governments at a variety of levels. The third section 
focuses on the need for public engagement on siting issues. The fourth section 
discusses timetables for siting and permitting. The chapter concludes with a 
description of current Administration activities and plans and a number of 
recommendations for further action. 
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Chapter !X: Siting and Permitting of TS&D infrastructure 


m brief: 

Siting and Permitting of TS&D Infrastructure 


The invoivement of multiple jurisdictions adds time to siting, permitting, and review of Infrastructure 

projects. As major infrastructure projects are federal, state, toral,:®id tribal governments must work to consider 

and minimize potential impacts oii safety and secun^. asc^^liasrenvironmenral and community resources (e.g., air, water, ' h 

land, and historic and cultural resourcesithese entili€softervha\«:ov«(apping and sometimes conflicting statutory . 
responsibilities for siting and permitting projects. The intwpl^ arnorig Ae diverse sets of participants.and statutorily defined. 

. responsibilities is challenging, and fcff.parricular^'fargeahd ddihplek mta projects, multiple permits and approvals • -h 
; can lead to inefficiencies and delay. 

Close collaboration with tribal, state, and local governments is critical to siting, permitting, and review of 
infrastructure proiects. Most infrastructure siting and permitting dedsions are made at the state and Ipcai levels; some also 
require consultation with affected Indian Tribes. The bulfcvof federal review and permitting resporisibilities are also handled 
at regional offias rather than agency he3dquarteR.1he }ocafnatore ofrfedsion makmg requires dose iriteractiorv between 
locai and tribal governments and federal agendes„arid;^f^aM^!edge of'resoUrce cohcerns-to beaddressed in 
■ permitting process. , , ...e-::-.;:-.. . • , . , 

Robust public engagement Is essential for the credibility of the siting, permitting, and review process. o 
infrastructure projects, such as high-voltage transmission lines and pipelines, are lifely tq Trigger potentially confrictlngv^: 
stakeholder interests and have the potential to prbdMcesigrifficant impacts on local communities and the environment due^^^ 
tQithpir complexity and scale. ffobuSt sra engagement is necessary to avoid, minimize, and mitigate these potential 
.fmpactsandislikelytoreducedeiaysjnreachingadecision. ^ 

Siting timetables vary widely, and processes for siting energy infrastructure differ by sector. Major infrastructure 
projects b'picsJty lrivolve multi-year design, development, and construction timelines with complex: approval processes. 

Timelines and processes for approval vary depending, on the scope and type of project. 

The Federal Government is taking steps to modernize its siting, permitting, and review processes. V 

complexity and pace of the Federal pefmittirig and ri^W processes for proj5d^ irifrastructure projects has been identified as | 
a. key challenge to: byildmg; UiSv ir^frastructure for transporting, transmittln9,:af>d delivering energy. The Obama Administration 
has taken steps within arid across Federal agencies the Federal permitting and review process for major 

,, jrifrastruciure projects to reduce uncertainty for projejapplicants, to reduce the aggregate time it takes to condua reviews 
and thake permitting dedsions by half, and to pfodui^TOeasurably better erivirohrnentai arid community outcomes. 
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A New Urgency to !iiipro¥e Siting and Permitting 

The domestic oil-and-gas boom, expanding renewable energy production, actions to mitigate climate change, 
and ongoing steps to maintain electricity grid reliability are changing our energy infrastructure needs and 
driving demand for new TS&D energy infrastructure. Actions to expand both renewable and traditional 
energy production over the past decade have exposed the between typical permitting times for generation 
and production sources and the much longer times for midstream energy infrastructure. The discrepancy 
in permitting time frames makes it more challenging to plan, site, permit, finance, and construct midstream 
energy infrastructure projects. Given these challenges, it is essentia! to promote more timely permitting 
decisions while protecting our Nation’s environmental, historic, and cultural resources. 

While building much of this infrastructure depends on state and local decisions, the Federal Government plays 
a central role in reviewing and approving applications to site certain projects, including interstate gas pipelines 
and those that cross Federal lands, or have impacts to wildlife, cultural and historic resources, or waters of the 
United States. Tliis chapter focuses on that Federal role and the actions taken across the Federal Government to 
permit and approve energy infrastructure projects and increase the efficiency of the permitting process while 
improving environmental and community outcomes. 

Since 2009, the Department of the Interiors Bureau of Land Management (BLM) has approved 90 major 
transmission line projects, spanning approximately 3,000 total miles, approximately 1,600 miles of which cross 
BLM-managed lands. Since that time, BLM also has authorized more than nine major pipeline projects for oil, 
water, and natural gas, with nearly 1,050 miles on BLM lands. The Federal Energy Regulatory Commission 
(FERC) has authorized about 4,500 miles of pipeline since 2009, and about 6,200 miles of pipeline have been 
put in service. Since 2009, the Department of Agriculture’s Rural Utilities Service has financed 5,59 1 total miles 
of transmission line, 3,316 miles of which are new transmission line and 2,275 miles are line upgrade and 
improvements. During the same time period, the Department of Agriculture’s Forest Service has approved and 
reauthorized on National Forest System lands 4,921 power line projects covering 31,678 miles; 2,160 natural 
gas and oil pipelines covering 12,907 miles; and 1 58 water transmission projects covering 847 miles. 

For the vast majority of projects, the environmental review and permitting requirements are accomplished 
effectively and efficiently. For particularly large and complex infrastructure projects, however, the diverse and 
often divergent sets of agency permit and decision-making responsibilities can lead to friction and create 
inefficiencies, as well as extend the time frame for the Federal permitting and review process. 

To drive additional progress in Federal reviews of significant midstream infravSiructure projects, the 
AdminivStration launched a government- wide initiative to modernize the Federal permitting and review 
process. President Obama issued a Presidential Memorandum on August 31,2011, and an Executive Order on 
March 22, 2012.‘'^ In those executive actions, the President directed Federal agencies to improve the efficiency 
and transparency of Federal permitting and review processes for infrastructure projects,* as well as to cut 
through red tape and get more timely decisions, while producing measurably better outcomes for communities 
and the environment. 

Under that initiative. Federal agencies have expedited the review and permitting of more than 50 selected 
infrastructure projects, including 1 1 energy projects.^’ Thirty-two of these projects have completed the Federal 
review process, 29 remain under active Federal reriew, and 1 project was denied. Estimated time savings range 
from several months to several years in many cases. 


As defined in the Presidential Memorandum, infrastructure projects include electricity transmission. pipeiine.s, renewable energy 
infrastructure, water resource projects, ports and \valerways, transit system,s, broadband Internet, roads, bridges, railways, and 
airports. 

More information about these projects i.s posted online on the Federal Infrastructure Projects Permitting Dashboard, which was 
established pursuant to a 2011 Presidential Memorandum on Speeding Infrastructure Development through More Efficient and 
Effective Permitting and Environmental Review. See Federal Infrastructure Projects Permitting Dashboard.'Projects Under Active 

Review.” vv-vvw.permits.performance.gov/projects/active-projects. 
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■ ral, state, local, and tribal gosernments have jwisdiction over sisng;:p«(nitting, and ret^bw ot p losea 

storage, and distribution infrastructuKrPittjects Siat mTOte federal fundSiiare proposeitsn Federal lands, ryos; 
ir water, or will affect the ait or vrater qualrty that sregulated by Federal taw are subjegila some kind of Feder 
njlW^S^IflSireview process: The following is a bnef summary of some ofthese legal authorities, bs 

ELECTRIC TRANSMISSION LINES 
Federal Jurisdiction: 

» * B The federal Energy:Regulatorit Commission has: limhediatingiauthori^ pursuant to Section 216 of the Federal PoWerAc 
' under limited circumstances within corridors designated by the Oeparttnent of Energy, Implementation of this authplif?:; 

fBiiShasbeehitnpactedbycourfdecisions'ThiBiBrgjjggBjjaiggiB: IBSsyB;:' . 

undetSeGtion:216Sh):of the Federal Power Ad i m i o, !pi nii io 


coordinate applicable federal authorizations and relatedensironraentatreviaws fcr transmission proJects:SS||S||||j|:|||i3 
The pepartraent of Energy has the authority underSeGBon TJ^iof the'Energy Policy Ad of -2005 (42 U.S.C, § 16421) ::b 
to engage iftpr topattidpatewlth other entities indesiping,: developing, constructing, operating, mairttamingiibcllllllfl 
fowpind tlielearlc power ttarismission facilities andiiefattd fadlities needed to upgrade -existing transmission 


ovvned by the Western Area Power Administration or Southwestern Area Power Administration, or {2):new:ei 
transmission facilities and related facilities located withinany-state In vyhicheitheropei.i-i's. 

The Department of the Interiofs Bureau of land MahageraSnUSiKi) and the Department of Agriculture's IT 
’{USfS) have the authority under the federal Land Policy and WahagementAa W? UiSi-fr^^^ 
of wayforelectric tratismlssioh linescrossing their Federal landi f 

:e Jurisdiction; , ' ' 

States have primary authority over siting, permittina and review of electric transmission pwiecis. Each state 
procedures to follow for approving a transmission line. Interstate lines roust comply with the legal reguiremi 
state, . ,• kb'Bb'- ^ 

URAL GAS PIPELINES ; , V; ’ 


if each 


te jurisdiction under Section 7 of the Natura 
iLgas pipelines, including siting (15 LI.S,G § 7T7f(c)). The Federal Energy Regulatory 
lageucy to: coordinate the environmental review and processing of ail federal autht 
Tucture with other federal agencies (15 U.S,C§ 717n(b)),' , . 

taS ,ilhe;authori%:,to Issue permits under the Mineral LeasingiAct for natural gas pipe 
gllllBSytaproposedpIpelirjecrossesmorethanonefedetalagendyiitandStai 
fclJO.USX. 1 1 85(c), and 43 C.F.R„ S 2882), If :#ie ;pipel!ne crosses only USFS lands,' 


have jurisdiction over lines that do not carry, gaiThlhfefstaie commerce. 


Caiifomia Wilderness Coal V. US. Dep't, of Energy, 63 J ESd 1072 201 1 ). 

Piedmont EnyU. Coundlv.FERC 558 JP.3d 304 <4&:eitid(i©Xo ^ ^ i 

The Depyitihent of the Army, et al. “interagency AgreementonMy Coordination of Required Environmental and Historic 
P«servation Reviews Conducted in ConjunctuHi with fee issuana of Authorizations to Construct and Operate Intestate 
Natural Gas Pipelines Certificated hy the Pedei^ Enei^ R^i^ory Commission;” May 2002 . http:/#'vvww.fefc,gov/ 
!.nfejstries''g3s/enyir<ygasJmeragencyB!Tiou'.i^..A££essed:hara^3QU0lS'^^^ ... . .. 
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SUMMARY OF SELECT TRANSMISSION AND DISTRIBUTION INFRASTRUaURE SITING, 
PERMITTING, AND REVIEW AUTHORITIES (continued) 


OIL PIPELINES 
Federal Jurisdiction: 

• There is no comprehensive Federal siting and pemiittmg process for interstate or intrastate oil pipelines. 

• BLM and USFS authority for oil pipelines crossing federal lands mirrors that for gas pipelines set forth above (30 U.S.C. § 

185). ' 

State Jurisdiction: 

• State and local laws govern approval of an oil pipeline roiite, other than the portions crossing Federal lands. Interstate 
lines must comply with the legal requirements of each state. 

CARBON DIOXIDE PIPELINES 
Federal Jurisdiction: 

• There is no comprehensive Federal siting and permitting process for interstate or infrastate carbon dioxide pipelines on 
non-federal lands. 

• BLM regulates carbon dioxide pipelines under the Mineral teasing Act as a commodity shipped by a common carrier (30 

U.S.C §185{r)).H • 

State Jurisdiction: 

■ Oversight of siting, construction, and operations of carbon dioxide pipelines is largely handled at the state level." 

RAIL LINES 
Federal Jurisdiction: 

• The Surface Transportation Board, created In the 1995 Interstate Commerce Commission Termination Act, regulates 
construction of rail lines.* 

State Jurisdiction: 

• State and local governments retain the power to protect public health and safety, such as regulating potentially harmful 
waste disposal, to the extentthat regulation does not interfere with the Surface Transportation Board's exctusiiie 
jurisdiction' Over interstate rail operations.!* 

T Environmental Assessment for Anadarko E&P Company L.P. Monell CO, Pipeline Project, 

* Exxon Corp. V. Lujan, 970 E2d 757 (loth Cir. 1992). 

* Congressional Research Service, dCarboii Dioxide (CQ,) Pipelines for Carbon Sequestration; Emerging, Policy Issues.”, p. Id. 
!anuaryl7,2008.http;//assetS.OpenCtS.COrn/fpts/RL3397T._200S01®:pdf.AccessedIanuary 2:1,2015. . 

■ Sutfice Transportation Board “Overview of the STB.” http:/Ayyyvy;«B,dot,gov/stbfaboutfovervlevv.^^^^ Accessed January 
20,2015. 

i See e.g., Norfolk Southern Railway Co. v. City of Toledo, 2015 WL 45537 (N.D. Ohio January 2,2015). 

* See e.g., Green Mountain Railroad Corp. v. Vermont, 404 E3d 638,643 (2dCir,2005). 
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Chapter iX; Siting and Permitting of TS&D Inffasliucture 


The Federal Gowernment's Role In Siting, Permitting, and Review of 
infrastructure Projects 

Permitting and siting of the majority of TS&D infrastructure projects depends on state and local decisions.^^'^ 
Federal agencies have siting authority over proposed infrastructure projects that cross Federal land or water; 
interstate natural gas pipelines; and, to a limited extent, interstate electricity transmission projects. In states 
where most of the land is Federal land, Federal agencies make the key siting decisions. Federal approval will 
include environmental protection requirements, as well as required reviews that Federal agencies must follow 
and which may lead to decisions that ensure the protection of the environment and cultural and historic 
resources.* Applications for pipelines and power lines that cross tribal lands must also be approved by the tribal 
government and Federal Government.'* 

The number and type of permits and reviews required, as well as the process and the timelines, vary depending 
on the nature of the project. For example. Congress has granted FERC siting authority over interstate natural 
gas pipelines.^’ In contrast, there is no comprehensive Federal process for obtaining a permit for the routing of 
an interstate oil pipeline." Rather, state and local laws govern approval of an oil pipelines route. Similarly, states 
(with limited exceptions provided under the Energy Policy Act of 2005)^’ have siting authority over electricity 
infrastructure.^ The regulation of carbon dioxide (CO^) pipelines is currently a joint responsibility of Federal 
and state governments.*^ Four Federal agencies maintain a role in cross-border Presidential permitting and/or 
export authorization of energy infrastructure that crosses the international borders with Canada or Mexico— 
the Department of State has delegated authority for oil and refined product pipelines;** FERC is the authorizing 


’ A full inventory of required Federal permits and approvals, as well as National Environmental Policy Act reviews and milestones 
relating to major infrastructure projects, is available on the Federal Infrastructure Projects Permitting Dashboard, See: Federal 
Infrastructure Projects Permitting Dashboard. “Permit Inventory.” wvwv.permits.perforrricjnce.gov/permit-inventory. 

The Natural Gas Act also provides FERC the authority to grant private companies that transport natural gas in interstate commerce 
the rights of eminent domain (15 U.S.C. § 717f(c)). 

FERC has no oversight authority over construction ot interstate oil pipelines, nor does it have jurisdiction over wholly intrastate 
pipelines, There is also no eminent domain authority for liquid pipelines. 

“ FERC has limited siting authority pursuant to Section 216 of the Federal Power Act, under limited circumstances within corridors 
designated by the Department ot Energy. Implementation of this authority has been called into question in recent court decisions. In 
the Energy Policy Act of 2005, Congress also added provisions addressing Federal Government jurisdiction over and processes for 
siting electricity transmission. Under Section 216(h) of the Federal Power Act (16 U.S.C. § 824p{h)), Congress granted DOE authority 
to coordinate applicable Federal authorizations and related environmental reviews for transmission projects, In 2009. pursuant to 
Section 216(h)(4)(C), nine Federal agencies signed a memorandum of understanding to expedite the siting and construction of 
qualified onshore electric transmission infrastructure projects in the United States. See: “Memorandum of Understanding Among 
the US. Department of Agriculture, Department of Commerce, Department of Defense. Department of Energy. Environmental 
Protection Agency, the Council on Environmental Quality, the Federal Energy Regulatory Commission, the Advisory Council on 
Historic Preservation, and Departjnent of the Interior. Regarding Coordination in Federal Agency Review of Electric Transmission 

Facilities on Federal Land.” October 23, 2009. www.whitehouse.gov/fiies/dQCunients(ceq/Transmisston%20SiTinQ%20on%20 
Federai%20Lands%20MOU.pdf. Accessed January 21, 2015. 

^ In almost all states, public utility commissions regulate siting of electricity infrastructure. Each state has different procedures to follow 
tor approving a transmission line. Some states require the developer to demonstrate the necessity of new transmission capacity, and 
some states require the consideration of non-transtnission alternatives. Some states mandate that all types of transmission lines be 
fully permitted before construction can start, while others only have siting requirements above certain voltage levels. 

CO^ transportation pipelines are subject to Federal safety regulations that are administered bv the Department of Transportation's 
Pipeline and Hazardous Materials Safety Administration (49 C.F.R. 5 195). It directly oversees pipeline safety for all interstate lines 
while intrastate pipelines are subject to state agency oversight (as long as the standards are at least as stringent as the Federal rules). 

If a pipeline crosses Federal land, then, prior to construction, permits from the relevant Federal agency and compliance with the 
National Environmental Policy Act are required. Otherwise, the power of oversight of siting (including the use of eminent domain), 
construction, and operations of CO, pipelines is largely handled at the state level. 
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agency for natural gas pipelines and liquefied natural gas facilities located onshore and in state waters;^- ' and 
the Department of Energy (DOE) is the authorizing agency for cross-border electric transmission lines,''- 
exports of electricity,'^ and imports and exports of natural gas.'*’’ ’’ The Department of Commerce exercises 
export authorities not granted to the preceding agencies.'^ 

In all cases, projects that involve Federal funds, are proposed on Federal lands, require passage across Federal 
lands, or will affect the air or water quality that is regulated by Federal and state law are subject to some kind of 
Federal and state permitting or review process/ 

Multiple Jurisdictions for the Siting, Permitting, and Review Process 

Large infrastructure siting and permitting in the United States is uniquely challenging in our Federal 
system of government because it often involves multiple state and Federal agencies and tribal governments 
with overlapping jurisdictions and different, sometimes conflicting statutory responsibilities. While this 
interdisciplinary system can help foster appropriate project siting decisions that reduce project impacts, there 
are often structural and cultural barriers to timely project siting and permitting decisions. Taken together, 
solely at the Federal level, there are “more than 35 distinct permitting and review responsibilities across more 
than 18 Federal agencies and bureaus, implemented by staff at headquarters and hundreds of regional and field 
offices” located across the country,'^ 

Federal Collaboration with Tribal, State, and Local Governments 
Most infrastructure siting and permitting decisions are made at the state and local levels; some also require 
consultation with affected Indian Tribes on projects that impact traditional cultural properties and certain 
other historic and cultural resources. 'Ibe local nature of permitting decisions requires dose stakeholder 
interaction and appropriate knowledge of local resource concerns to be addressed in the permitting process.'''^ 
Effective collaboration between Federal agency regional leadership and the state, tribal, and local governments 
that share permitting and review responsibilities for infrastructure projects is essential to moving a project 
quickly and efficiently from planning to review and permitting. However, cooperation with state and local 
governments and consultation with tribes requires additional levels of coordination in the context of large, 
complex infrastructure permitting decisions and can create significant delays in project approval. State agencies 
can also lack incentives to act on multi-state linear infrastructure projects, especially when the projects' 
primary beneficiaries are located elsewhere. 


" Pursuant to the Deepwater Port Act (33 US.C. § J501 et seq.),the Maritime Administration within the Department of Transportation 
has responsibility for permitting liquefied natural gas terminals located beyond state waters. 

' Depending on the areas through wirich a pipeline or transmission line is proposed, there arc a variety of Federal permitting or review 
processes that may apply in addition to state and local permits; Clean Water Act Section 401 water quality certificates (33 US.C §5 
1251-1387), Section 402 National Pollutant Discharge Elimination System Permits (33 U.S.C. § 1342). Section 404 dredge and fill 
permits from the Army Corps of Engineers (33 US.C. § i .344), permits imder Section 10 of the Rivers and Harbors Act of 1899 (33 
U.S.C. §403), Clean Air Act permits (42 US.C. § 7401 et seq.), the Endangered Species Act (16 US.C. §§ 1531-1544), and the National 
Hi.storic Preservation Act (16 U.S.Ci § 470). In addition, compliance with the National Environmental Policy Act is ahs^ays required 
when a proposed TS&D infrastructure project necessitates Federal action (such as funding, permitting, or otherwise approving a 
pipeline or electricity transmission project). 
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Chapter IX; Siting and Permitting of TS&O infrastrudufe 


Engagement of the Public in Energy Infrastructure Siting and 
Permitting 

The complexity and scale of major infrastructure projects, such as high-voltage transmission lines and 
pipelines, are likely to trigger potentially conflicting stakeholder interests and have the potential to produce 
significant impacts on local communities and the environment, which must be addressed and mitigated 
through avoidance, minimization, or compensation. Under the National Environmental Policy Act (NEPA),^'-^’^ 
and the Council on Environmental Quality Regulations for Implementing the Procedural Provisions of NEPA, 
any Federal action (such as funding or approving a major pipeline or electricity transmission project) requires 
the responsible official to consider the potential environmental impacts of the proposed action and any 
reasonable aiternatives.^^-^ Federal agencies work to prepare a categorical exclusion, environmental assessment, 
or environmental impact statement, which — depending upon the scope and complexity of the project and the 
intensity of potential impacts on communities and the environment — can take time to address community and 
environmental impacts. Affected residential communities, nonprofit organizations, and other stakeholders also 
participate in the NEPA process through public comment opportunities.^^ Public outreach and engagement 
with diverse sets of stakeholders is essential to reduce the risks associated with uncertainty and potential 
challenges. Early and robust public engagement is a recognized best practice and can reduce delays and 
improve projects.^*'^’’^* 


Cross-Border Presidential Permitting and Export Authorities 



.Four Federal agencies currently maintain a role in cross-border Presiderttial permitting, and/or exportiautHpdzatron of energy 
conimOdittes-The Department of Ener^ (DOE) oversees permits for cross-border eiectnc transimission iihe$; exports of: , y , , 
electricity, andimports and exports of natural gas. The Department of State permits cross-border oil and refined product ' - 


pipelines. The Federal Energy Regulatory Commission permits natural gas pipelines and liquefied natural gas (IMG) facilities. : 

export authonties not granted to the preceding agencies. These authorities arise from : 

PETROLEUM, PETROLEUM PRODUaS, COAL, OR OTHER FUELS ^ 'S 
Infrastructure: Pipelines, Land Transportation, Other . 

• Executive Order No, 1 1423 (1968), Executive Order Na 13337 (2004): Permitting authonties regardmg pipelines, 

bridges, and border crossings for land transportatior^ including motor and rail vehicles, delegated to the 
i;|||;;!:|;Secrstarydf'Statefor:amatiOnalinterestdeterminafion.v*&-;^ 

Export Authority 

• Energy Policy and Conservation Act (T975): Delegates Presidential authority to restrict exports of coal, crude oil, 
petroleum products; natural gas, or petrochemical feedstocks, or related materials or equipment, for domestic use to the 
Secreta'^^^^ 

; ; No. 104a5,"Providing for.tbe Perfornjaooe of Gertain Functions Heretofore Perfonned by the President : 

virith Respect to Electric Power and Natoral C5as,FadEtteslofcated;OaTlw Oflhe United States" 18 S 

.:,;:.v::,^tentber9,l'953;httpyfvww.archives.goy/federafrfea!Ster/codificatiori/execiftive-order/i0485.htrn!.AccessedTMary' 

> Executive Order No. 12038, "Relating to Certain Rinctions Transferred to the Secretary of Energy by the Department of ■ - 
Energy- Organization Act.” 43.Fed. R^.4957;Febffi^;7;':i^8:;:h^:/A^(W.a.R:hives.gov/fedefal-regtster/codsfi<;3tiori/:.'";'^ 

. ' .;executiv,eH3rder/U03B.html. Accessed 
" y42US.C.f6212. 
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Cross-Border Presidential Permitting and Export Authorities (continued) 


NATURAL GAS 

Infrastructure: Pipelines, Onshore or Near-Shore LNG Facilities, Other 

• Natural Gas Act Sections 3 and 7 (1 938) and DOE Organiizatibn.Act {1977): Permitting for natural gas pipelines, LNG 
terminals located onshore and in state waters, and related. facillfles assigned to Secretary of Energy (subsequently 
delegated in part to the Federal Energy Regulatory Gommissldn Chair;- see below) 

• DOE Delegation Order No. 00~004.00A (2006): F^rmitting authority for construction and operation of natural gas import/ 
export facilities delegated to the Federal Energy Regulatory Commission Chair7 

• Coast Guard and Maritime Transportation Act of 2012: Responsibility for permitting LNG terminals located beyond state 
waters assigned to the Maritime Adrhinistradon wthin the pepartnient of Transportation. 

Export Authority 

• Natural Gas Act Section 3 (1938): Permitting authority for exports and imports of natural gas granted to the Secretary of 

Energy.‘'®® 

ELECTRICITY 

infrastructure and Export Authority 

• Federal Power Act (1935) and DOE Organization Act (1977): Permittifig and export authority assigned to the Secretary of 
Energy.*^ 

• Executive Order No. 10485 (1953), Executive Order No. 11423 (1968), Executive Order No. 12038' (1978): Permitting 
authority for cross-border electric transmission lines delegated to the Secretary of Energy.*'^ 

’‘^42'U:S.C.§715Ub). 
laUS-C. § 717b(a). ■ ' 

5" Department of Energy. "Delegation Order No. 00-004.00A.“2006. hrtpi/AnAfi/w.ferc.gov/induStries/eleCtriryindus-sd/sitirt^ 
doe-d,e.fegation;pclf..AccesSed January 20, 2015. 

Executive Order No. 10485. “Providing for the Performance of Certain Functions Heretofore Performed by the President , 
With Respect to Electric Power and Natural Gas Facilities Located On The Borders Of The United States.” 18 Fed, Reg, 53?7, 
September 9iil'953. http;//wvvw..a!'ch!ve5.gov/feder,gt-registei'/codification/executiv^-ordGr/td485'.html.' Accessed-Janu^ 
20,2015. 

'"‘ Executive Order No. 12038. "Relatingto Certain Functions Transferred to the Secretary of Energy by the. Department of 
Energy OrganizationAct.”43 Fed! Reg; 4957. February 3, 1978. http://vww^a^Ghives;gov/fede^ai-regiSt€r/ebdito^ 
executive-order/1 203S,ht!Tll. Accessed January 20, 201 5. 

'*16U.S.C.§824a(e). 

Focecutive Order No. 10485. “Providing for the Performance of Certain Functions Heretofore Performed by the President 
with Respect to Electric Power and Natural Gas Facilities Located On ’Ihe Borders Of The United States," 18 Fed. Reg. 5397. 
September 9 ., 1953. http:/Awvw.archives,gov/federai-fegister/codificalion/executive-order/1Q4S5.ht!Tii. 

'"^Executive Order No. 12038. “Relating to Certain Functions Transferred to the Secretary of Energy by the Departntent of 
Energy Organization Act.” 43 Fed, Reg.4957. February 7, 1978. httpV/vvyvvv.archives.gov/fecleral-j'egister/Codif ication/ . 
executive-order/I 2038.htmL- 
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Chapter IX: Siting and Permitting ofTSSD Intras&acture 


Wariability in Siting and Permitting Timetables 

Large and complex infrastructure projects typically involve multi-year design, development, and construction 
timelines with complex approval processes. Timelines for approval vary,^'^- ’* and hurdles exist across the 
process. Proposed infrastructure projects that cross state boundaries require the developer to obtain site 
permits from each state involved, each with its own timeline and process."'^^^- Some Federal agencies will not 
begin their approval processes until state and loc^ permitting processes are completed.'^ Schedules are also 
affected by incomplete applications to the Federal agencies, as well as the multiple agency reviews required at 
the local, state, and Federal levels. Numerous other risks— such as policy and regulatory uncertainty — and 
commercial conditions— such as the availability of capital — can jeopardize project timelines and permitting 
schedules.^*' Project applicants are ultimately responsible for project development and play a critical role in 
establishing and maintaining project time frames and changes In applicant priorities, or available funding can 
delay or cancel projects. The interplay among these factors can impact decision making and extend the time 
frame for the Federal permitting and review process, especially for large and complex infrastructure projects. 

Administration Actions to Modernize Siting, Permitting, and Review 
Processes 

Building a 21st century infrastructure in a manner that safeguards our communities and the environment is 
an important component of President Obamas effort to strengthen our Nations economy, create new jobs, 
and improve US. competitiveness in the global market. Federal agencies seek to ensure that as these major 
infrastructure projects are proposed, potential impacts on safety, security, and environmental and community 
resources, such as air, water, land, and historical and cultural assets, are considered and minimized. Over 
time, the process and legal requirements for the permitting and review of major infrastructure projects have 
developed in a siloed and ad-hoc way, creating complex processes that in some cases have taken years or 
longer to complete. Although there are several reasons why a major infrastructure project may be delayed 
(including applicant funding uncertainty and state and local reviews), over the past 3 years, the Administration 
has undertaken an ambitious effort to modernize the Federal Governments role in permitting and review 
processes. 

To ensure his Administration took action to modernize these permitting and review processes, the President 
signed Executive Order No. 13604, Improving Performance of Federal Permitting and Review of Infrastructure 
ProjectSy on March 22, 2012, and subsequently a Presidential Memorandum on May 17, 2013> charging an 
interagency steering committee to lead the development of a plan to turn best practices into standard practice. 

To date, agencies have expedited the review and permitting of more than 50 selected major infrastructure 
projects, including bridges, transit projects, railways, waterways, roads, and renewable energy generation 
projects. More information about these projects is posted online on the Federal Infrastructure Projects 
Permitting Dashboard. As of the date of this plan, 32 of these projects have completed the Federal review 
process, with 1 project denied. Estimated time savings range from several months to several years in many 
cases. Federal agencies have also identified a set of best practices for infrastructure permitting and review, 
ranging from expansion of information technology tools to strategies for improving collaboration and 
synchronizing processes across Federal agencies. These practices are reflected in the June 2012 “Federal Plan 
for Modernizing the Federal Permitting and Review Process for Better Projects, Improved Environmental and 
Community Outcomes, and Quicker Decisions” and individual agency plans at v\AAA/v.perm!ts.performance.gov. 
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The Obama Administration has issued several subsequent executive directives to improve the Federal 
permitting and review process. 

• The President also issued a memorandum on May 17, 2013, directing an interagency steering 
committee to develop a plan to turn permitting and review best practices identified by the Federal 
agencies — focused on early collaboration, increased transparency and accountability, and greater 
consideration of citizens’ interests— into standard practice for all major infrastructure projects.*" 

* On June 7, 2013, the President issued a separate but related memorandum, directing Federal agencies 
to “develop an integrated, interagency pre-application process for significant onshore electric 
transmission projects requiring Federal approval.”^^ That 2013 memorandum also lays out principles 
for designation of energy right-of-way corridors on Federal lands under Section 368 of the Energy 
Policy Act of 2005; it also directs Federal agencies to re-evaluate existing energy rights-of-way corridor 
designations to determine the necessity for revisions, deletions, or additions to those energy corridors 
and to develop interagency mitigation plans, where appropriate, for environmental and cultural 
resources potentially impacted by projects sited in energy corridors. 

The following highlights some of the key actions taken by the Administration to modernize the Federal 
Governraenfs siting, permitting, and review processes and provides a summary of the areas that could be 
enhanced. 

Developing Pre-Application Procedures 

Pre-application permitting and review procedures can result in more efficient processing of final applications 
for energy infrastructure siting— particularly when such applications require multiple Federal authorizations 
(although, care must be taken that such procedures do not create an unnece.ssar>' additional hurdle to project 
approval or unnecessary additional bureaucratic delay).^ Pre-application procedures can include meetings 
with appropriate agencies and project sponsors in advance of formal application submissions to help expedite 
the process.*^'** 

In 2013, DOE— through the Council on Environmental Quality and the Administrations Rapid Response 
Team for Transmission— developed and sought public input on a proposed Integrated Interagency Pre- 
Application Process required under a June 2013 Presidential Memorandum.*®’*” DOE is now considering 
issuing a revised regulation under Section 216(h) of the Federal Power Act, a section through which 
Congress granted DOE authority to coordinate applicable Federal authorizations and related environmental 

‘“’The Administration released the “Implementation Plan for the Presidential Memorandum on Modernizing Infrastructure Permitting 
on May 14. 2014. The plan can be accessed at www.permits.pefformance.gov/pm-impiementation-plan-2014,pdf. “Major” is used 
in the plan to refer to projects that; 

. Involve multiple Federal agencies and potentially tribal, state, or local government permit decision making or review actions 
associated with their development , . .. i 

. Provide regional (rather than localized) economic, cultural, or environmental benefits, or are directly linked to other critical 
infra.structure projects (e.g., rail to port) 

. May have significant impacts on communities or the environment 

. Involve resources and permitting actions that are not routine and necessitate focused attention and enhanced coordination 
. Are otherwise classified as major by law or regulation. 

■•f For example, FERC has regulations requiring a “pre-filing procedures and review process" for applications for interstate natural gas 
facilities under its jurisdiction (18 C.F.R. § 157.21). See; Government Accountability Office. “Interstate Natural Ga.s Pipelines: Proces.s 
& Timing of FERC Permit Application Review.” p. 6. February 15, 2013. fas,org/sgp/crs/miso'R43 1 38-pdT. Accessed February 
10, 2015. Other Federal agencies, including the Army Corps of Engineers, BLM, and the Department of Agriculture, also require 
applicants for certain projects to participate in multi-agency pre-application meetings. 

DOE is piloting this pre-application process for the proposed Great Northern Transmission Line. See: 'Ihe White House, “Fact Sheet 
- Building a 21st Century Infrastructure: Modernizing Infrastructure Permitting.” May 14. 2014. vv',vw.w, ^itenouse.gov, ^le-prCii- 

oft^ce/20l4/05/14/faa-sheet-bui!ding-21st-century-infrastfuaure-modernizing-tn'rastructu. .Accessed January .1,2015, 
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Chapter tX: Siting and Permitting of TS&D Infrastructure 


reviews for transmission projects. In August 2013, BLM issued a proposed rule that would, consistent with 
the Integrated Interagency Pre- Application process, require all applicants for rights of way across public 
lands for transmission lines of 100 kilovolts or greater and pipelines 10 inches or more in diameter to hold 
pre-application meetings to coordinate with appropriate Federal and state agencies and tribal and local 
governments. The BLM rule would also require proponents to pay reasonable or actual costs associated with 
the pre-application process. ’^ 

Cost Recovery for Review of Certain Project AppSIcatlons 

The lack of budgetary resources often constrains agencies’ ability to promptly review permits. Mechanisms by 
which project sponsors can fund agency overhead costs associated with the review of an application are critical 
to their implementation capacity by ensuring that the agencies can dedicate sufficient resources to permit 
infrastructure projects in a timely fashion, especially if the funding happens in the earliest stages of agency 
involvement.’*^- While cost-recovery procedures must be rooted in statutory authority, departments and the 





SELEa ADMINISTRATION SITING AND PERMITTING INITIATIVES 


Mfoliowing is a list of select Administration actions tateboth across and within federal agencies to reduce the aggfepte 
permitting and review time for infrastructure projects, vvhfemprovinS envirohmenbi and coremur r..' nuimiTiev 

Coordinated Project Review 

The Ifitetagepqr Steering Committee established under Executive OrderNo. 13604 and'thd Interagency. Infetructufe'^^ ' »^^^ 
Permitting Improvement Team housed at the. Department of Transportation ate currently developing a Policy for Coordinated i 
RevieW'Of .infesttucture project applications among l^erai agencies arigyyitb pt<)jects|iiotisofs.;' ; i hi i : 

Pre-Application Procedures and Cost Recovery for Project Reviews 

in 2013, the Department of Energy (00E)-:-thn|^i|ft.S^tnikft^fhental Quality and the Administration's Rapid 
Response Team forTransmissioiv-developed a Pre-Application Process for onshore electric 

'S now considering. issj|ig a'revised regulation under Section 216(h) of the Federal Power Act that 
Whjild incorporate that process in September 201 4, the Bureau ol hand Management issued a proposed, rule that would 
require all applicants for rights of way across public lands for electric transmiss on lines of 100 kilovolts or greater a, id 
pipellnes'lO inches or more in diameter to hold Sb^pl^^bl^|^P|»;tbordinate with appropriate Federal and state 
:?®Si“ 4nd. tribal and local governments. It would.a^;ire%rbi^pd(^fitt;tD pay reasonable or actual costsassociated wil 
the pre-application process. . r-i- - 

Expanding Online Project Tl-acking and Developing Metrics - 

The Adniihistratibh launched a federal Infrastructure Project Permitting Dashboard to track designated infrastructure project i 

schedules. The dashbpafd.alsohostsa‘*Penhif inventory''— asearchabledabbaseQfH.''j:iii('(i rK'ifn;!-, ,-,r,u unnicjuriir .'r^; 

well as National Environmental Policy Act (NEPA) reviews and milestones relating to major infrastructure projects 

Expanding Availability and Sharing of Data and Geographic Information System Tools 

TheAdministtalicin has- identified a number of actions and policies to facilitate adequate collection, inteQratioti.'and shSrmgS’' 
of the best available data . to assist project sponsors in aSng projects in order to minimize resource imparts arid tosuppOrt ' '; 
fedefpi decision tnaltlngjinciudingflj.NEPAnode: ( 2 ) the Fish and Wildlife Seivlce:infofroatlori,Plahtiihj, and Eflhseri/atidri ' 
.Tool; pTjhe.EnyirorifneWajProtection AgehWVNEPASs|st;,(4bthe;Ea5ternlnter0nnecto States PianningEoUhciTEneigy , 3 
Zoijes iyiappihg Tool; (5) the Army Corps' Federal Support Toolbox; <6) the Western Governors' Associations' Crutial Habitat' T 
Assessment Tool; and..( J) the.National Oceanic and Atmospfieric Adtniiiistatiati's Social Vulnerability » 
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SELECT ADMINiSTRATiON SITING AND PERMITTING INITIATIVES (continued) 


Designating Corridors for Fipeiines, Electric Transmission Une^ and Related Infrastructure 

The Department of the Interior and the Department of Agriculture are conducting a periodic review of the Western energy 
rights-of-way corridors designated in 2009. As directed in the June 2013 Presidential Memorandum, DOE issued two 
reports — one for assessing potential corridors in the West, as proposed by die Western Electricity Coordinating Council, 
and one for the rest of the United States that looks at current and potential crossings for transmission lines and oil and gas 
pipelines on federally protected national trails. 

Landscape and Watershed Level and Mitigation and Conservation Planning 

Federal land management agencies have begun to irnplemeht mitigation and conservation planning at the landscape, 
ecosystem, or watershed level. For example, In March 2014, the Department of the Interior released the Solar "Regional 
Mitigation Strategy for the Dry Lake Solar Energy Zone," and in April 2014, Secretary Jewel! issued the “Strategy for Improving 
the Mitigation Practices of the Department of the interior." 


agencies under them can use regulatory processes to apply that authority In intelligent and, innovative ways.“‘’ 
Some agencies do not have the statutory authority to recover such costs; others do not have audiority to accept money 
until the application i.s ''complete,” whidt puts a strain on resources and also discourages early coordination. BLM 
has addressed the challenge of the cost of early coordination by requiring in its recent proposed rule that applicants 
for rights of way for transmission lines of 100 kilovolts or greater and pipelines 10 inches or more in diameter pay 
reasonable or actual costs a.ssociated witli the pre-application process for these projects."** 

Expanding Online Project Tracking and Developing Metrics 

The development and publication of timely metrics and milestones for project permitting enables public 
scrutiny, provides agencies with information to identify and improve permitting and siting processes, and 
increases accountability and predictability.'** " Moreover, consistent, government-wide data will provide 
actionable insight into current Federal permit and review practices, as well as inform discu.ssions on ways to 
further improve the effectiveness and efficiency of these processes. Budgetary concerns have affected efforts 
to expand the Federal Infrastructure Projects Permitting Dashboard,*' to develop and collect permitting and 
review time-frame metrics, and to pilot environment and community outcome metrics.*" Lack of funding also 


In its proposed rule. 13LM has proposed expanding the regulatory definition of reimbursable “management overhead cost.s” to include 
costs incurred by other Federal agencies in reviewing the same project application (79 Fed. Reg. 59022; September 30, 2014). The cost 
reimbursement measures are intended to coincide with a Secretarial Order for delegation of Federal Land Policy Management Act 
cost-recovery authority to other agencies and offices of the Department of the Interior. 

DOE has such an online dashboard for electricity transmission projects. This dashboard, ktiown as c-'ftans, serves as the online 
database contajjiing pertinent project information about each project, including, but not limited to, the physical aspects of the line, 
lead agency contact information, project schedules, and required permits. The e-Trans dashboard can be accessed at trackingsystem. 
nisc-i!c.tonVeb’ans/ulility/Searth,seam. 

“> The Federal Infrastructure Permitting Dasliboard was launched in October 201 1 and is used by all Steering Committee agencies and 
hosted by the Department of Transportation. See: Steering Committee on Federal Infrastructure Permitting and Review Process 
Improvement, “Implementation Plan for the Presidential Memorandum on Modernizing Infrastructure Permitting.” vvww.permi ts, 
pefformance,gov/pm-implerTientation-ptan-2014.pdf. Accessed January 20, 2015. It features a public website that displays project 
schedules with key niUestones for more than 50 infrastructure projects and an internal site with an information technology platform that 
supports effective government- wide collaboration and the development of interagency project schedules. See: Federal Infrastructure Projects 
Permitting Dashboard.'Trojects Under Active RevieTv:’vwAV.permitS.perfQrmance,goy/proieds/'act<ve-projGcts. 
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limits the promise of more widely accessible geographic information system (GIS) and information technology 
tools that would supplement the Federal Permit Inventory**" and provide more transparency and clarity to 
project sponsors and public stakeholders. 

Expanclltig Avallabiiity and Sharin9 of Data and GIS Tools 

Careful project planning and selection of an appropriate project site before a permit application is filed can 
minimize uncertainty and significantly reduce the overall lime frame for completing necessary permits and 
reviews.'^* The Administration has identified a number of actions and policies to facilitate adequate collection, 
integration, and sharing of the best available data to assist project sponsors in siting projects in order to 
minimize resource impacts and support Federal decision making.^ The Administration has also emphasized 
the importance of providing such data, infonnation, and decision-support tools for climate preparedness and 
resilience to agencies and project sponsors.^^ Key Federal and state data sharing, GIS, and other information 
technology tools already in use for agencies and public stakeholders include (1) NEPAnode. a geospatial and 
document management system made freely available to Federal staff and contractors to implement NEPA and 
related environmental review and permitting processes;** (2) the Information, Planning, and Conservation 
Tool developed by a partnership between the Fish and Wildlife Service and the U.S. Geological Survey;*™ 

(3) the Environmental Protection Agency’s NEPAssist;*° (4) the EavStern Interconnection States Planning 
Councils Energy Zone Mapping Tool;*"* (5) the Army Corps’ Federal Support Toolbox;*^ (6) the DOE-funded 
Western Governors’ Crucial Habitat Assessment Tool;*^ (7) the Department of Commerce’s National Oceanic 
and Atmospheric Administrations Social Vulnerability Index;" and (8) Climate.Data.Gov and the Climate 


Tlw Permit Inventory is a searchable database of required permits and approvals, as well as NEPA reviews and milestones relating to 
major infrastructure projects. The inventory can be accessed at vw<Av.permitS-pert'ormance,gov/permit-inventory. 

"* This interactive mapping tool contains 278 data sets/layers. It can be accessed at nepanode.ani.gov. 

""’The Information. Planning, ajid Conservation Tool system is an interactive. Web-based tool illustrating the natural resources for 
which the Fish and Wildlife Service has trust or regulatory responsibility. The tool allows interested parties to access a public website 
to determitte if there are any Fish and Wildlife Service trust resources, including endangered and threatened species, in a potential 
project area before beginning the project design. In addition, project spon.sors can get information about a species and its needs, as 
well as measures they can take to help protect and conserve the species when designing and constructing their project. The tool can 
be accessed at ecos.fws.gov/ipac.O 

“"NEPAssist is a Web-based mapping tool to facilitate efficient and eftective environmental reviews and project planning. The tool is 
part of an initiative developed by the Environmental Protection Agency and selected as a pilot by the Council of Environmental 
Quality to showcase its potential to modernize and reinvigorate Federal agency implementation of NEPA through innovation, public 
participation, and transparency. The tool can be accessed at vwv'w.opa.Qov/cornpliance/nepa/'nepassist-mappirtg.htrril. 

" The Energy Zone Mapping Tool, huided by DOE, is a free online mapping tool that identifies potential clean energy resource areas 
within the Eastern Transmission Interconnection. This website provides information about the study, background on the energy 
resources, and details on the data layers used in the tool. The tool includes 263 GIS data layers and links to policies and reguiation.s, 
printable maps, and related documents. The tool can be accessed at eispctools.ani.gov. 

“^The Federal Support Toolbox, launched in May 2013, is a comprehensive “one-stop-shop" online water resources data portal with 
direct links to valuable data, state-of-the-art models, and tools for utilization in information sharing and collaboration for the water 
resources community in tlie United States and internationally. It serves as a single point of entry to comprehensive information about 
water resources programs, initiatives, legislation, policies, regulations, collaborations, partnerships, databases, tools, models, data, 
research and development, education, and leadership that is housed on a participating agency’s or organization’s own server. 

^The Western Governors Crucial Habitat Assessment Tool is an online system of maps that displays crucial wildlife habitat based on 
commonly agreed upon definitions developed by the Western Governors Wildlife Council. The tool provides information across 16 
Western states and links to five state-level Crucial Habitat Assessment Tools; it wiU link to new state Crucial Habitat Assessment Tools 
as they become available, The tool can be accessed atvvvvw.westgovchat.Ofg. 

The Social VuinerabOity Index measures the social vulnerability of U.S. counties to environmental hazards and the ability of those 
counties to prepare for, respond to, and recover from hazards. The tool was developed through a partnership with the University of 
South Carolina and funding via South Carolina Sea Gmnt and the National Oceanic and Atmospheric Administration’s Office for 
Coastal Management. The tool can be accessed at coast.noaa.gov/digitalcoast/data/sovi. 
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Resilience Tool Kit.*" 'Ihe Desert Renewable Energy Conservation Plan (DRECP), a draft of which was issued 
in September 2014,^'^ employed sophisticated integration of GIS and resource data across four agencies—two 
Federal agencies (BLM and the Fish and Wildlife Service) and two states — allowing them to plan development 
and conservation areas in 22.5 million acres in the California desert.*' 

Designating Corridors for Pipelines, Electric Transmission Lines, and Related 
Infrastructure 

Section 368 of the Energy Policy Act of 2005 required the Departments of Interior, Agriculture, Commerce, 
Defense, and Energy—in consultation with FERC and tribal entities — to work together to designate energy 
rights-of-way corridors for oil, gas, and hydrogen pipdines and electricity transmission and distribution 
facilities on Federal lands— -first in 1 1 Western contiguous states (Section 368(a)) and later, if warranted, in 
the remaining states (Section 368(b)).®“-®^ The Departments of Interior and Agriculture designated more than 
6,000 miles of these corridors in 2009 for 1 1 Western states^^®'-”' and are currently undertaking a periodic 
corridor review for the Western states that may lead to revised or new corridor designations.*" While their 
use is voluntary, project developers and relevant Federal agencies have, to varying extents, used portions of 
the Western energy transport corridors for projects since 2009. Unless funding resources are provided to the 
Federal agencies to continue this work, it is likely any new corridor decisions will be delayed. 

Expanding Landscape and Watershed-Level Mitigation and Conservation 

Planning 

Federal land management agencies can implement mitigation and conservation planning at the landscape, 
ecosystem, or watershed level to provide environmental, cost, and time-saving benefits to energy infrastructure 
siting and mitigation.^®- Through proper analysis and application of applicable GIS technologies, potential 


" Climate.data.gov includes data related to climate change that can help inform America’s communities, businesses, and citizens. 
Initially, users can find data and resources related to coastal flooding, food resilience, and water and ecosystem vulnerability, Over 
time, users will be able to find additional data and tools relevant to other important climate-related impacts, including risks to energy 
infrastructure and human health. The site can be accessed at wvw/.data.gov/climate. The US. Climate Resilience Toolkit provides 
scientific tools, inforntation, and expertise to help people manage their climate-related risks and opportunities and improve their 
resilience to extreme events. The site is designed to serve interested citizens, communities, businesses, resource managers, planners, 
and policy leaders at all levels of government. The site can be accessed at tOOlkit.cliiTtate.gOV/tOOiS. 

The DRECP is intended to advance state and Federal conservation goals in the Mojave and Colorado Desert regions of California— 
an area covering more than 22 million acres of private, local, state, and Federal land — while also facilitating the timely permitting of 
renewable energy projects and related electric transmission projects under applicable state and Federal laws. 

Designation of energy corridor on Federal land.s may help expedite tlie siting, permitting, and review process for projects within the corridors. 
For the rest of the United States, which includes 37 Eastern states, Alaska, and Hawaii, a 2008 public request for interest in energy 
transport corridors showed a relatively indifferent and minor public response, with only one request for a designation, which was 
subsequently withdrawn, Therefore, the Departments of Energy, Interior, Agriculture, Defense, and Commerce collectively decided 
at that time not to take actions to designate energy transport corridors in those states. See: Argonne National Laboratory. "Energy 
TVansporl Corridors; The Potential Role of Federal Lands in States Identified by the Energy Policy Act of 2005. Section 368(b).” 
August 20ll.eastcorf1doreis.anl,gov/document.s/docs/Section368bReport-pdl 
'"''The corridor review is part of a court settlement to a complaint filed in 2009 and pursuant to the June 2013 D'ansmission Presidential 
Memorandum. See: Department of the Interior, Bureau of Land Managemen(-"Electric Transniission Facilities & Energy Corridors,” WWW. 
bltn.aov/wo/st/en/prog/energy/transrn ission.html. Suf^rting the Western corridor review is a 2014 DOE report that assesses potential 
ener^ corridors proposed by the Western Electricity Coordinating Council See: Department of Energy^ "Analysis of Potential Fjiergy 
Corridors Proposed bv the Western Hectridry Coordinating CounciL”March 4 , 2014 .vvw\v.ipd. 3 nLgov/anlpubs/ 2014 '' 02 / 103660 .pdf. 
Pui-suant to the 2013 Transmission Presidential Memorandum, DOE issued another report in 2014 for these same states, which looked at 
current and potential crossings by electricity transmission lines and oil and gas pipeluics of the thousands of miles of 20 federally protected 
national trails. Tlie report gives new baseline information available for use by interested parties to study routing scenarios for new projects 
that could mitigate impacts on national trails. The report also describes the 2008 work. See: Department of Energy “Electricity Transmission, 
Pipelines, and National Trails: An Analysis of Current and Potential Interse^ns on Federal l.ands in the Eastern United States, Alaska, and 
Hawaii.” March 25, 20 14. w\wv.ipd .an!.gov/ar!lpubs/2014/'03/1 04083.pdf. 
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conflicts in project siting that can create substantial barriers to project completion can be avoided and 
minimized/'” Determining compensatory mitigation requirements as an integrated part of project planning 
can expedite development and increase certainty for interested stakeholders/’-^--^^ The preparation of advanced 
mitigation strategies> which pre-identify potential mitigation measures, can facilitate important collaboration, 
reduce project costs, and substantially streamline the project review process through minimization of conflicts 
with other resource values, especially if advanced mitigation actions have taken place and provide credits that 
can be used to offset future project needs.*^®^ 

Federal land management agencies are implementing such initiatives. For example, in April 2014, Secretary 
of the Interior Jewell released the Strategy for Improving the Mitigation Practices of the Department of the 
Interior. Ihrough the implementation of this strategy, the Department will work to advance landscape-scale, 
science-based management approaches that both encourage infrastructure development and protect natural 
and cultural resources.** DRECP (mentioned above) and the Solar “Regional Mitigation Strategy for the Dry 
Lake Solar Energy Zone” are two additional examples of ambitious Federal-state landscape-level planning. 
When completed, DRECP is expected to provide binding, long-term endangered species permit assurances 
for project development within specified areas, while also reserving 13.7 million acres of the California Desert 
for conservation.^’' The Dry Lake Solar Enei^y Zone, developed pursuant to the Western Solar Programmatic 
Environmental Impact Statement, is designed to encourage project applicants to invest in conservation 
opportunities on a landscape scale, thereby maximizing the value of their mitigation dollars.*^ 

Another particularly relevant initiative aimed at implementing landscape-scale and watershed-scale 
approaches nationwide is “Eco-Logical: An Ecosystem Approach to Infrastructure Development.”*® Eco-Logical 
is the outcome of a partnership among eight Federal agencies"’' to deliver a step-wise approach to “ecosystem- 
based mitigation.”“ Since 2008, these agencies have continued to work together and in parallel to realize 
the vision laid out in Eco-Logical through regular meetings and individual agency programs. Support for 
landscape-scale and watershed-scale approaches also appears in the 2008 Environmental Protection Agency 
and Army Corps of Engineers Final Compensatory Mitigation Rule,*® which formally established a mitigation 
hierarchy with a strong preference for mitigation banking and in-lieu fee programs for unavoidable impacts to 
wetlands, streams, and other aquatic resources. 

Establishing Regional and State Partnerships and Dedicated Cross- 
Disciplinary Energy Infrastructure Teams 

Federal partnerships with state and regional actors— such as a Transmission Siting Task Force that the Western 
Governors’ Association and its member state siting agencies created, which includes Federal siting agencies 
on an ex-officio basis^”— may prove helpful in speeding up the development of infrastructure projects because 
much of the review and permitting decisions for such projects occurs in regional and field offices of Federal 
agencies and within and across states.’*-^- When building capacity or making other energy-infrastructure- 
related staffing decisions, it is advantageous to establish, wherever practical, joint, single-point-of-contact 
offices that consolidate agency expertise. Co-location of energy infrastructure environmental review and 
permitting staff from multiple Federal agencies helps to ensure coordinated, efficient, and expeditious 
permitting (e.g., in the Departments of Agriculture and the Interior’s Service First authority'^ and BLM’s Oil 

DRECP is a Natural Community Conservation Plan under California State law and will include one or more Habitat Conservation 
Plans under the Federal Endangered Species Act. 

BLM, the Federal Highway Administration, the National Oceanic and Atmospheric Administration, the National Park Service, the 
Army Corps of Engineers, the Environmental ProtecUon Agency, the Fish and Wildlife Service, and the Forest Service. 

Eco-Logical encourages Federal, state, tribal, and local partners involved in infrastructure planning, design, renew, and construction 
to use flexibility in regulatory processes. SpccificaUy, Eco-Logical puts forth the conceptual groundwork for integrating plans across 
agency boundaries and endorses ecosystem-based mitigation, an innovative method of mitigating infrastructure impacts that cannot 
be avoided. Eco-Logical can be accessed atwww.environmentfhwa.dot.gov/ecological/ecojndex.asp. 
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and Gas Pilot Office Program^"^). For example, the regional response teams established by the Administration 
in 2013— including the Pacific Northwest Regional Infrastructure Team^^ and the Renewable Energy Action 
Team, a partnership between the Department of the Interior and the State of California that helped permit 
thousands of megawatts of renewable energy generation projects and related transmission lines^'^— have 
facilitated state partnerships and collaboration across agencies with different missions. 

Facilitatiog Noii»l^ecleral Activity In Support of Siting and Formitting 

Partnerships with state and tribal governments, regional planning authorities, and the private sector can 
improve infrastructure siting and permitting. For example, DOE and the Western Governors’ Association 
partnered in 2014 to launch an online toolkit— the Regulatory and Permitting Information Desktop 
Toolkit— that collects publicly available information about permits and regulations affecting energy and bulk 
transmission project development to facilitate communication among project developers; agency personnel 
at ail jurisdictional levels; and project stakeholders, including the public.” Elsewhere, the Council of State 
Governments developed an Interstate Transmission Line Siting Compact with model language for state 
legislatures to enact a compact for interstate cooperation on electric transmission siting.^* That compact 
includes a mechanism through which Federal agencies and tribal governments can participate as equals 
with states in evaluating proposed electric transmission routes and in the decision-making processes used to 
determine whether an application is approved, approved with changes, or rejected for cause. More informal 
than a legal regional compact, regional siting protocols for siting transmission lines were signed in 2002 among 
the Western Governors’ Association and five Federal agencies;'^ protocols were signed again in 201 1 among 
then-member governors of the Midwest Governors Association and Manitoba, Canada.**' Elsewhere, the New 
England States Committee on Electricity created in 2011 an Interstate Transmis.sion Siting Collaborative.** 
Fostering additional efforts of this sort may benefit all project proposals and help streamline the siting and 
permitting process. 



Siting, permitting, and review of energy-related TS&D infrastructures are critical elements for meeting 
energy, environmental, and competitiveness goals. Current Administration initiatives are designed to 
expedite siting; improve communication and engagement among tribal, state and local governments, 
and the public at large; and modernize tools and processes available to policymakers. To these ends, we 
recommend the following: 

Allocate resources to key Federal agencies involved in the siting, permitting, and review 
of infrastructure projects: Federal agencies responsible for infrastructure siting, review, and 
permitting have experienced dramatic appropriations cuts and reductions in staff. Competing 
demands for agency resources and inadequate support for affected agency staff means that energy 
infrastructure projects could face delays. Many of the components of the overall effort to improve 
the Federal siting and permitting processes have been stymied in recent years by appropriations 
shortfalls. Congress should fully fund these priorities. 

Prioritize meaningful public engagement through consultation with Indian Tribes, 
coordination with state and local governments, and focilitation of non- Federal partnerships: 

While the Federal Government’s role in infrastructure siting and permitting is important, many large 
energy infrastructure projects depend on state and local siting decisions. The Federal Government 
also has a responsibiiit>' to consult with affected Indian Tribes on projects that cross tribal lands or 
impact traditional cultural properties and certain other historic and cultural resources. Early and 
meaningful public engagement with affected residential conimunlties. nonprofit organizations, 
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QER Recommendations (continued) 


and other non-Federal stakeholders through the NEPA process and other forums can reduce siting 
conflicts. Federal agency coordination with state and local governments and government-to- 
government consultation with affected Indian Tribes should remain a Federal Government priority. 

Establish regional and state partnerships and co-locate dedicated cross-disciplinary energy 
infrastructure teams; When possible. Federal agencies should co-locate energy infrastructure 
environmental review and permitting staff from multiple Federal agencies’ regional and field 
offices. An interagency effort should be made to facilitate interagency collaboration and engage the 
impacted communities. 

Expand landscape- and watershed-level mitigation and conservation planning: Given their 
size and complexity, many major infrastructure projects have impacts on the Nation’s landscapes 
and natural and cultural resources. When adverse impacts cannot be avoided or minimized any 
further. Federal agencies should seek innovative approaches to compensate for adverse project 
impacts commensurate with the scope and scale of the project and effects to resources. In order to 
produce the greatest environmental benefits, mitigation efforts should be focused on activities where 
environmental needs and potential environmental contributions are the greatest and in accordance 
with statutory requirements. Through mitigation planning at a landscape, ecosystem, or watershed 
scale, agencies can locate mitigation activities in the most ecologically important areas. 

Enact statutory authorities to ensure coordination across agencies: To implement its Federal 
permitting and review proposals, the Obama Administration proposed establishing an Interagency 
Infrastructure Permitting Improvement Center in the Office of the Secretary of TVansportation. 
Congress should authorize and fund the center, as set forth in Section 1009 of the Administration’s 
draft legislation for the Generating Renewal, Opportunity, and Work with Accelerated Mobility, 
Efficiency, and Rebuilding of Infrastructure and Communities throughout America Act, or GROW 
AMERICA Act. 

Adopt Administration proposals to authorize recovery of costs for review of project 
applications: Wltile some agencies have legal authority to recover permitting costs from project 
applicants, others do not possess the authority to do so. In some circumstances, as proposed in the 
President’s Fiscal Year 2016 Budget, additional flexibility for certain agencies to accept funds from 
applicants would be appropriate and could expedite the Federal permitting and review process. 
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Allocate resources to key Federal agencies involved in Hie siting, permitting, and rovievr of infrastructure 
projects. Federal agencies responsible for infrastructure «ting, review, and permitting have experienced dramatic 
appropriations cuts and reductions in staff. Many of the components of the overall effort to improve the Federal siting and 
permitting processes have been stymied in recent years by approprtations shortfalls. Congress should fully fund these priorities. 
Prioritize meaningful public engagement through consultation with Indian Tribes, coordination with state 
and focal governments, and facilitation of non-Federal partnerships. Early and meaningful public engagement 
with affected residential communities, nonprofit organizations, and other non-Federat stakeholders through the National 
Environmental Policy Act process and other forums can reduce siting conflicts. Federal agency' coordination with state and local 
governments and government-to-govemment consultation with affected Indian Tribes should remain a Federal Government 
priority. When possible, federal agencies should co-locate energy Infrastnicture environmental review and permitting staff from 
multiple Federal agencies' regional and field offices. . 

Expand landscape- and watershed-level mitigation and conservation planning. When adverse impacts to the 
Nation’s landscape cannot be avoided or minimized any further, -federafag'encles should seek innovative approaches to 
compensate for adverse project impacts commensurate with the stoReiandscate of the ptojea and effects to resources. 
Through mitigation planning at a landscape, ecosystem, or watershed scale, agencies can locate mitigation activities in the 
most ecologically important areas. 

Enact statutory authorities to improve coordination across agencies. Congress should authorize and fund the 
interagency infrastructure Permitting trnprovement Center in the Department of Transportation, as set forth in Section 1 009 of 
the Administration's draft legislation for the Generating Renewal, Opportunity, and Work with .Accelerated Mobility, Efficiency, 
and Rebuilding of Infrastructure and Communities throughout America Act, or GROW AMERICA Act. 

Adopt Administration proposals to authorize recovery of costs for review of project applications. Consistent 
with the proposalTn the President's fiscal Year 2016 Budget request, additional flexibility for certain agencies to accept funds 
from applicants would be appropriate and could expedite the Federal permitting and review process. 
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Chapter X 

ANALYTICAL AND 
STAKEHOLDER PROCESS 


This chapter describes the analyses and stakeholder engagement that provided 
the substantive basis for the Quadrennial Energy Review (QER). The first section 
describes the analytical work carried out for the QER, including baselines, 
scenarios, and specific analyses underlying some of the key chapters in this 
report. The second section describes how the QER process engaged a broad 
range of stakeholders across the Nation in its development, including through 
technical workshops, 13 formal public stakeholder meetings, and a special 
series of roundtables on methane emissions from transmission, storage, and 
distribution (TS&O) infrastructure. This chapter is intended to document the 
process of developing the QER and contains no recommendations. 
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Chapter X: Analytical and Stakeholder Process 


QEi Systems Analysis 

The QER is a policy document based on robust systems/policy analysis and extensive stakeholder and 
interagency engagement (see Figure 10-1). These connected efforts support the findings and recommendations 
described in the main QER document, as well as the Natural Gas. Liquid Fuels, and Electricity appendices. 

Figure 10-1, Inputs to the QER’ 
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This figure shows the analytical, stakeholder, and interagency efforts underpinning the QER. 

In the Presidential Memorandum establishing the QER, President Obama directed the QER Task Force to 
conduct policy analysis and modeling to support QER recommendations and actions. The Department of 
Energy’s (DOE’s) Office of Energy Policy and Systems Analysis (EPSA)~-.servmg as secretariat for the QER 
Task Force— undertook an extensive suite of analyses, focusing on energy TS&D infrastructures. This effort 
included the following; 

• Commissioned analyses from DOE national laboratories, including scenario modeling, synthesis, and 
white papers. 

• Commissioned analyses from energy consulting and analytics firms, including modeling, baselines, and 
scenarios. 

• Internal EPSA analysis~in collaboration with partners across DOE and other Federal agencies— to 
generate analysis, policy working papers, and public reports. 

• Overlapping analysis with stakeholder engagement efforts and technical workshops with associated 
analytical products. 
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Hiis chapter lists commissioned analyses used to support QER findings and recommendations. Many of the 
QER analyses are crovsscutting in nature and apply to more than one energy objective or sector. Analyses (some 
forthcoming) are posted at energy .gov/epsa/qer-document-iib-rary. 

Crosscytting Scenario Analysis 

The QER used scenario analyses to assess the impact of a range of fectors on the need for liquid fuels, natural 
gas, and electricity transmission infrastructure between 2014 and 2030. These scenario analyses do not model 
any specific Administration policy or projection about energy technology or markets. Rather, the goal was to 
explore both infrastructure changes and investments that might be required under a range of possible future 
conditions (in particular, considering options different from those implied under the Energy Information 
Administration Annual Energy Outlook 2014 Reference case). Factors analyzed included, among others, 
an economy- wide cap on carbon dioxide emissions driving a 40-percent reduction in 2030, reductions in 
renewable generation costs, increased natural gas prices, and dramatic expansions of liquefied natural gas 
export capacity. The individual scenarios are described in Table 10-1 (note that some scenarios~~such as the 
electricity scenarios— were run in combination).^ 


Table 10-1 . Table of QER Modeling Scenarios^ 


Scenarios 

Model 

Base Case: Annual Energy Outlook 2014 Reference Case 

Natural Gas 

• High domestic gas demand 

9 High world gas supply 

• High U,S, exports 

Deloitte (MarketPoint) 

• Coupled gas infrastructure and electricity market models 

• Outputs include major pipeline capacity expansions and 
new pipeline builds 

Electricity 

• Low wind cost 

• Low solar cost 

9 Low-cost storage 

• High/iow electricity demand 

• High natura! gas prices 

• 40-percent economy-wide greenhouse gas reduction by 2030 

• High penetration of distributed gerteration (photovoltaic) 

• High natural gas use 

• No new transmission 

National Renewable Energy Laboratory 
(Renewable Energy Deployment System, ReEDS) 

• Electricity generation capacity expansion mode! 

• Outputs include transmission capacity expansion, 
generation, electricity costs, etc. 

Liquid Fuels 

• Low/high oil resource 

• Revisit oil export ban/keep intact 
» Low oil demand 

Energy Policy Research Foundation, Inc. 

(Ponderosa Crude Flow Model) 

• Pipeline flow and refinery model allocates domestic and 
foreign crude oil based on refinery demand and margin 
optimization 

Oak Ridge National Laboratory/Jacobs Mode! 

• Detailed refinery modeling (Jacobs) informs simplified 
refinery, crude distribution mode! (Oak Ridge) 


The QER explored a wide range of natural gas, electricity, and liquid fuels scenarios. 
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Chapter-Specific Analyses 

The QER commissioned muitiple studies across TS&D, including the following for specific chapters: 

Increasing the Resilience, Reliability, Safety, and Asset Security of TS&D Infrastructure 

• An INTEKstudy of U.S. regional fuel resiliencybased on an extensive analysis of natural gas and liquid 
infrastructure systems, their specific vulnerabilities to natural threats, and options to increase overall system 
resiliency.'' 

• A national laboratory team vsynthesis— including the National Renewable Energy Laboratory, Argonne 
National Laboratory, Pacific Northwest National Laboratory, Sandia National Laboratories, and Los Alamos 
National Laboratory — of more than 150 papers on disruptions and resilience of electricity, natural gas, 
and liquid fuels TS&D infrastructures, identifying \nilnerabilities of each to a range of natural threats and 
hostile actions.^ 

» A RAND Corporation synthesis of resilience metrics, summarizing, categorizing, and analyzing the 
utilization of 172 metrics related to liquid fuels, natural gas, and electricity infrastructure.*^ 

• A Sandia National Laboratories design and initial demonstration of a resilience analysis framework for 
energy systems that explicitly quantifies uncertainty in threats and disruption outcomes.^ 

• A Sandia National Laboratories modeling of a Marcellus freeze-off scenario in 2015 and 2030 using the Gas 
Pipeline Competition Model to assess shifts in gas production, storage withdrawals, and flow.* 

• A BENTEK forecast of natural gas supply, demand, and infrastructure developments through 2030 using an 
inventory and cell model,'' 

Promoting Reliability and Climate Mitigation through the Electric Grid of the Future 

• A Brattle Group report that examined the US. baseline electric grid system.'® 

■ A Pacific Northwest National Laboratory-led workshop and analytical effort that assessed the system 
architecture of the electricity grid and provided future views of the architecture in addressing emerging 
trends, systemic Issues, and structural constraints. Throughout the course of the work, two review 
sessions were held with industry and DOE." 

• Multiple white papers on electricity TS&D issues from the national laboratories on renewable 
integration,'^ efficiency of TS&D, electricity-information technology interdependency, and 
transmission planning with demand-side resources.'^ 

• A DOE report that identified the potential infrastructure needs of the U.vS. interstate natural gas pipeline 
transmission system across a range of future natural gas demand scenarios that drive increased electric 
power sector natural gas use.'® 

Modernizing U.S. Energy Security infrastructures in a Changing Global Marketplace 

• In conjunction with the Strategic Petroleum Reserve program office and analytical support, an 
Oak Ridge National Laboratory study of the needs associated with the Strategic Petroleum Reserve 
distribution capacity and life extension. 

• An examination of scenarios of liquefied natural gas exports and potential impacts and needs associated 
with natural gas midstream build-out by two different energy analytic firms — Deloitte and jensen.'*- 

Improving Shared Transport Infrastructures 

• An Argonne National Laboratory analysis of coal transport by rail, including a business-as-usual case 
through 2030, exports, potential congestion, and other issues.^ 
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Developing and Managing Energy Infrastructures in an Environmentally Responsible Manner 

• A Joint Institute for Strategic Energy Analysis review of Federal and state authorities that affect 
investment decisions regarding natural gas system modernization (safety, economic regulation, 
environment, and facility permitting), with, a focus on policies that relate to methane emissions, energy 
efficiency, and safety.^* 

• A Joint Institute for Strategic Energy Analysis synthesis of marginal abatement cost-curve analysis 
for methane emissions, which involves examining the relative cost effectiveness of diflerent methane 
abatement strategies throughout the natural gas supply chain.^^ 

• A La\\Tence Berkeley National Laboratory review of opportunities for efficiency improvements in the 
US. natural gas transmission and distribution system, including recommendations of the major areas for 
efficiency gains based on the published literature.^ 

Enhancing Employment and Workforce Training 

• A National Renewable Energy Laboratory analysis of energy- related transmission and distribution jobs, 
including comparison of estimates and methodology to other studies.^ 

• A Joint Institute for Strategic Energy Analysis examination of the employment implications of public and private 
sector investments in safety and methane abatement within natural gas TS&D segments of the supply chain.^^ 

No major externally commissioned analyses were conducted for Chapter VI (Integrating North American 
Energy Markets) or Chapter IX (Siting and Permitting of TS&D Infrastructure). 

QER Stakeholder Engagement 

In the Presidential Memorandum establishing the QER,^* President Obama directed the QER Task Force to 
"gather ideas and advice from state and local governments, tribes, large and small businesses, universities, 
national laboratories, nongovernmental and labor organizations, consumers, and other stakeholders and 
interested parties...” The President ordered the Task Force to "develop an integrated outreach strategy that relie, s 
on both traditional meetings and the use of information technology” 

EPSA, whidi is serving as the secretariat for the QER Task Force, undertook an open, transparent process for 
informing stakeholders of the purposes and scope of the first installment of the QER. This stakeholder engagement 
was accomplished by multiple means throughout the QER development process, including the following activities: 

• Informal meetings at DOE headquarters involving hundreds of interested stakeholders. 

• Briefings on the QER process at meetings with industry associations; groups of state, local, and tribal 
officials; the offices of environmental groups; and with Members of Congress, their staffs, and the staffs 
of multiple relevant congressional committees. 

. Speeches and briefings by the Secretary of Energy, the Director of the President’s Office of Science and 
Technology Policy, other White House officials, and various members of DOE leadership to interested 
groups in Washington, D.C., and across the country. 

. A series of informal briefings at DOE headquarters for the Washington, D.C.-based government affairs 
personnel and consultants of companies across all energy sectors, indu.stry aissociations, organizations 
involved in infrastructure development or made up of users of particular infrastructures, environmental 
groups, organized labor, think tanks, and multi-industry/ multi-client consultants—representing the 
widest possible spectrum of stakeholder interests. 

• The creation of a public commentvS portal (QERcommen^@hq.doe.gov) to allow interested stakeholders and the 
general public to provide comments on individual stakeholder meetings, as well as to allow outside experts to 
send the QER Task Force studie.s, reports, and data sets rdated to topics within tlie scope of the first installment 
of the QER. 
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• Technical workshops on topics relating to the QER where secretariat staif could explore issues in greater 
depth with technical experts from both inside and outside the government. 

• Five methane stakeholder roundtables — convened by Secretary Moniz and with the participation of 
senior White House staff— to hear from stakeholders in industry, environmental nongovernmental 
organizations, consumer groups, public utility commissions, labor, and academia about strategies to 
achieve significant methane reductions from various segments of the natural gas industry. 

• A series of formal public stakeholder meetings,® beginning in Washington, D.C., in April 20 14 and 
extending through early October 2014 at 13 additional venues around the Nation (see Table 10-2). 

Comments Portal and QER tibrary 

From the beginning of the QER process, stakeholders and the general public were encouraged to offer 
suggestions, comments, insights, and criticisms on issues surrounding the planning, siting, engineering, 
financing, development, and utilization of infrastructure for TS&D of energy. The secretariat established a 
Web-based portal for stakeholders to share comments (Q€Rcomments@hq.doe.gov), as well as studies, reports, 
data sets, and any additional materials stakeholder organizations wanted to get in front of QER Task Force 
analysts. All comments submitted to the portal are available on EPSAs website at www.energy.gov/epsa/ 
quadrenniai-energy-review-qer. 


The QER Task Force received more than 300 written comments, many of which included detailed reports and 
studies on behalf of trade associations, utilities, and energy companies; state and local governments: nonprofit 
organizations; and other stakeholders (totaling thousands of pages). Each of the comments received was 
reviewed by secretariat staff and contractors, and insights and recommendations gleaned from these comments 
and materials have been included in the QER itself Stakeholder comments tell into three broad categories 
of concerns and recommendations: how to operate the system safely, fairly, and efficiently; who should be 
responsible for reliability, security, safety, and flexibility (new investments, standards, enforcement, etc.); 
and how to allocate costs of resilience measures. Across sectors, stakeholders also expressed a need to better 
quantify, model, and predict the value of new technolo^es and services. 

Kicking Off the QER; Informal Meetings and Briefings 

Secretary of Energy Moniz, Secretartiat staff, and other high-ranking Administration officials met with 
energy industry representatives, other interested stakeholders. Members of Congress and their staffs, other 
public officials, and numerous other individuals and groups throughout the QER process to discuss the QER 
scope, the QER Task Force process, and how organizations and private citizens might involve themselves. 

The Secretary of Energy and senior DOE staff delivered numerous public presentations on the QER around 
the country to a variety of audiences, including industry groups, associations of state energy offices, public 
utility commissioners and other energy regulators. Federal advisory committee members, and various other 
interested stakeholder groups. 

To foster discussion among stakeholders and stimulate interest in the QER in the relatively short time 
between the publication of the Presidential Memorandum and the beginning of the formal stakeholder 
events, secretariat staff held a number of informal briefings at DOE headquarters for stakeholders based in 
Washington, D.C. In these meetings, a representative group of stakeholders— nongovernmental organizations, 
industry, think tanks, state/municipality organizations, and others — received in-person briefings on the QER 
process and learned about the multiple ways their organizations could participate. Integral to the process, these 
briefings allowed secretariat staff to hear (at a very early stage) from interested parties about suggested paths 


There were two stakeholder meetings in Providence. Rhode Island, and Hartford. Connecticut, on infrastructure constraints in New 
England: because the overall topic was the same for both, these mertings are treated as a single meeting for purposes of summaries in 
this chapter and on the QER meeting website. 
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of inquiry, to take and answer questions about the scope of the first installment of the QER, to describe the 
manner in which information would be sought and received, and to discuss substantive concepts and topics 
that might be considered, Ihese meetings were very helpful to the QER Task Force in its inquiry. 

QER Technical Workshops 

In developing its plan to engage stakeholders to obtain a comprehensive overview of the Nations energy 
TS&D infrastructure, the QER Task Force determined that some important topics were either unique or too 
technically complex to be given the requisite attention during the course of its formal public meetings. Those 
meetings were organized around regional or sector-specific themes and intended to tackle broad themes or 
regional circumstances. To ensure that stakeholders were heard on these important topics, the secretariat 
assembled subject matter experts from relevant fields for a number of technical workshops, or to participate in 
previously scheduled workshops organized by DOE programs, to provide the QER expert insights through the 
intensive analytical approach of these 1 -day and 2-day symposia. 

Three of the four technical workshops were held in Washington, D.C., to facilitate the participation of experts 
based at DOE headquarters. The remaining workshop— a follow up to the initial workshop in Washington, 
D.C. — was held at Long Island’s Brookhaven National Laboratory. Each workshop featured a roster of subject 
matter experts from industry, academia, national laboratories, and other relevant organizations. Participants 
were told their attendance would be a matter of public record, in accordance with the mandate and desire for 
transparency in the QER process, and that while notes would be taken and a summary would be published, the 
public document would not attribute comments to the speaker to allow for a more open discussion.^ 

Following are details about the topics, dales, and locations of the DOE technical workshops held to inform the QER: 

Resilience Metrics for Energy Transmission and Distribution Infrastructure, Session 1 

April 29, 2014 - Washington, D.C. 

Measuring progress toward a more resilient energy system requires metrics that assess planning, operations, 
and policy changes. QER Task Force analysts found that differing definitions for “resilience” exist, depending 
on energy system attributes, outcomes, and time scale. Additionally, to date, resilience metrics for energy 
systems have been unable to quantify resilience benefits. Building on this theme and ongoing work by DOE’s 
Office of Electricity Delivery and Energy Reliability, the secretariat convened two workshops with more than 
140 authorities from academia, industry, and government to provide insight on resilience metrics and offer 
feedback on a framework to generate resilience metrics for infrastructures that transport, transmit, and deliver 
electric power, natural gas, and oil. 

During the initial workshop, participants explored technical research and modeling on resilience metrics, 
the applicability of existing metrics to energy infrastructure, and areas for further research. vSubject matter 
experts from the American Gas Association, ConEdison, Dominion Electric, and Kinder Morgan presented 
sector-specific considerations and associated metrics. Workshop findings suggested that industry is currently 
addressing specific aspects of resilience; however, participants agreed that a comprehensive approach 
could help to drive policy and planning decisions (e.g., investment priorities) on a larger scale. Industry 
representatives asked that incorporating resilience metrics into a regulatory framework have minimal impact 
on reporting requirements. 


The names of each participant in the tedtnical workshops, attendees at the agency’s methane roundtables, and panelists at the tonnal 
public stakeholder meetings can be accessed on EPSA's website at www.energy.goy/epsa/quadrennial-energy-revtew-c^e!. 
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Resilience Metrics for Energy Transmission and Distribution Infrastructure, Session 2 

June 10, 2014 - Upton, New York (Brookhaven National Laboratory) 

At a subsequent workshop at Brookhaven National Laboratory, Sandia National Laboratories researchers 
presented a prototype framework for developing resilience metrics for the electricity, oil, and gas sectors. 
Workshop participants expressed eagerness to put the resilience framework to use, while stressing significant 
research and development needs, such as improved quantification of human and societal consequences based 
on reduced system performance during a disruption. Feedback collected during this workshop helped to refine 
the resilience metrics framework, and it also informed the QER Task Force analysis and recommendations 
about the need for resilience metrics and tools. 

Collectively, the April 29 and June 10 workshops culminated in the development of a “Conceptual Framework 
for Developing Resilience Metrics for the Electricity, Oil, and Gas Sectors in the United States.” The framework 
provides a general resilience metric structure and procedures for analyzing, quantifying, and planning for 
resilience of energy'' infrastructure systems, Tire approach under this framework encourages a shift to energy 
resilience metrics that quantify expected consequences due to low-probability, high-consequence events; relies 
on the performance of the system rather than its attributes; and incorporates uncertainty. Suggested next 
steps include testing of the framework at utilities and developing a task force to address the refinement and 
standardization of energy resilience metrics. 

Lessons Learned on Alternative Transportation Refueling Infrastructure: Implications for the QER 

June 20, 2014 ~ Washington, D.C. 

The secretariat worked with DOEs Office of Energy Efficiency and Renewable Energy on a technical workshop 
that examined the trends and long-term policy needs relating to the alternative transportation refueling 
infrastructure program to produce inputs for the QER. The workshop was held in conjunction with an Office 
of Energy Efficiency and Renewable Energy merit review meeting to review research, development, and 
demonstration trends in the transportation sector and contributions made by program grantees. 

The goal of the meeting was to leverage the inherent synergies between DOE’s research and policy functions 
and to gather expert input. Specifically, this workshop focused on the current status of deploying alternative 
transportation refueling infrastructure, as well as on various business models for such infrastructure. The 
workshop informed analysis of alternative fuel vehicles for the first installment of the QER, and it will provide 
baseline context and data for the next installment of the QER. 


Grid Architecture 

August 26 and September 23, 2014 - Washington, D.C. 


The purpose of these workshops was to solicit the views of a wide variety of stakeholders to help inform the grid 
architecture work being performed by Pacific Northwest National Laboratory in support of the QER. Tliis project 
developed a preliminary reference architecture for identifying and characterizing technical and policy issues that will 
affect the development of the future grid. The project was coordinated by EPSA with two other DOE offices: the Office 
of Energy Efficiency and Renewable Energy and the Office of Electricity Delivery and Energy Reliability. 


Participants from industry, academia, national laboratories, and other interested stakeholder groups were asked 
to provide their organizations’ views of grid architecture as a system-level model, with analysis of electrical 
infrastructure, communications and control, industry and regulatory structure, energy sources and related 
sub-structures, and value accrual frameworks. The workshop informed analysis of alternative fuel TS&D 
infrastructure for the first installment of the QER, and it will provide baseline context and data for future 
installments. 
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Estimating the Benefits and Costs of Distributed Energy Technoiogies 

September 30 - October 1, 2014 - Washington, D.C. 

As with the earlier alternative fuel infrastructure workshop, for this valuation workshop, EPSA worked with 
DOE colleagues to derive value for the QER from a previously planned technical symposium organized by 
doe’s Grid Tech Team. The Grid Tech Team was initiated in the first term of the Obama Administration as a 
crosscutting, intraagency organization to better understMid the challenges and critical issues arising from the 
complex, pervasive, and interdependent nature of the electric power system. The Grid Tech Team has worked 
to foster collaborative discussions with both public and private sector grid stakeholders, as well as to develop 
an effective network of public-private partnerships to ease the transition to a more modern grid. 

The Grid Tech Team planned this workshop to be a technical discussion about distributed energy technologies, 
to support the development of grid plarming tools and models, and to assist states with their regulatory 
responsibilities as they seek to integrate more distributed electricity assets. Grid Tech Team leaders emphasized 
that this was part of a multi-year discussion and — specifically — a reconnoitering of the key challenges 
regarding valuation, including what role DOE and other parts of the Federal Government should perform in 
the process going forward. 

Formal Public Stakeholder IWIeetmgs 

The QER Task Forces most visible effort to engage stakeholders— -and to highlight the various sectoral or 
regional differences that should be considered in a comprehensive overview of the Nations energy systems— 
was the series of 13 public meetings held around the country from April 2014 to October 2014 (see energy, gov/ 
epsa/listings/past-quadrennial-enersgy-feview-qer-meetings). The meetings provided opportunities for energy TS&D 
infrastructure stakeholders, as well as the general public, to speak directly to members of the QER Task Force 
and to have their statements and presentations become a permanent part of the QER Library for use by Task 
Force analysts and later, researchers. 

Each meeting began with statements by the hosting administration representatives, along with local, state, 
atrd national political leaders who participated at events in their regions. The remainder of the meetings 
consisted of expert stakeholder panels; panelists made individual presentations and engaged in moderated 
group discussions on tlie themes of that days event. Each meeting concluded with an “open microphone” 
segment, during which members of the general public could make statements for the QER record and had the 
opportunity to offer prepared presentations, studies, reports, and more for review by Task Force analysts and 
inclusion in the QER Library. 
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Table 10-2. List of QER Formal Public Stakeholder Meetings (with topic, location, and dateP 


Topic 

Location 

Date 

Administration Chair(s) 

Vulnerabilities (cyber, physical, 
climate, and interdependencies) 

Washington, D.C. 

4/11/14 

Secretary of Energy Ernest Moniz 

Director of the Office of Science and 

Technology Policy John Holdren 

infrastructure Constraints — 

New England 

Providence, R! 
Hartford, CT 

4/21/14 

Secretary of Energy Ernest Moniz 

Petroleum Product Transmission, 
Storage, and Distribution 

New Orleans, LA 

5/27/14 

Secretary of Energy Ernest Moniz 

Deputy Secretary of Interior Michael Connor 

Water-Energy Nexus 

San Francisco, CA 

6/19/14 

Director of the Office of Science and 

Technology Policy John Holdrerj 

Deputy Secretary of Interior Michael Connor 

Electricity Transmission, Storage, 
and Distribution — West 

Portland, OR 

7/11/14 

Deputy Secretary of Energy Daniel Poneman 

Natural Gas Transmission and 
Distribution 

Pittsburgh, PA 

7/21/14 

Secretary of Energy Ernest Moniz 

Gas-Electricity Interdependence 

Denver, CO 

7/28/14 

Deputy Assistant to the President for Energy and 

Climate Change Dan Utech 

Rail, Barge, and Truck 
Transportation 

Chicago, IL 

8/8/14 

Secretary of Energy Ernest Moniz 

Secretary of Transportation Anthony Foxx 

Director of the Office of Science and 

Technology Policy John Holdren 

Assistant Secretary of the Army {Civil Works) Jo-Ellen 
Darcy 

Infrastructure Constraints— 
Bakken 

Bismark, ND 

8/8/14 

Secretary of Energy Ernest Moniz 

Secretary of Transportation Anthony Foxx 

Director of the Office of Science and 

Technology Policy John Holdren 

Assistant Secretary of interior for Land and Minerals 
Management Janice Schneider 

State. Local, and Tribal issues 

Santa Fe. NM 

8/11/14 

Secretary of Energy Ernest Moniz 

Seaetary of Interior Sally Jewell 

Infrastructure Siting 

Cheyenne, WY 

8/21/14 

Secretary of Energy Ernest Moniz 

Assistant Secretary of interior for Land and Minerals 
Management Janice Schneider 

Electricity Transmission, Storage, 
and Distribution — East 

Trenton, NJ 

9/8/14 

Secretary of Energy Ernest Moniz 

Finance and Market Incentives 

New York, NY 

10/6/14 

Secretary of Energy Ernest Moniz 
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Federal Register notices announcing each formal public rtakeholder meeting were published; these noticCvS 
were also made available via the BPSA website at www-energy.gov/epsa/office-energy-poiicy'and-systems-anaiysis. 

DOE publicized the meetings by sending advisories to local media; using social media; and emailing state, 
local, and tribal governments, as well as representatives of energy stakeholders — both in the region of each 
meeting and in Washington, D.C. 

To allow people to participate in the meetings without traveling, all meetings (except for the April meetings in 
New England) were live streamed. However, the Hartford, Connecticut, meeting was broadcast by Connecticut 
Public TV. In the interests of transparency and open government, court reporters produced a transcript for 
each meeting, and the secretariat produced a summary of each meetings presentations and discussions. The 
transcripts and summaries, along with links to the live-streamed recordings and panelists’ prepared remarks 
and presentations, are available on the EPSA website at wvyw.energy.gov/epsa/quadrenniai-energy-review-qer. 

Following are details about the dates, topics, locations, and foci of the formal public stakeholder meetings 
organized by the secretariat to inform the QER. 

Meeting #1 ; Enhancing Energy Infrastructure Resiliency and Addressing Vulnerabilities 

April 11, 2014 - Congressional Visitors Center; Washington, D.C. 

Hosted by Secretary of Energy Ernest Moniz; Director of the President’s Office of Science and Technology 
Policy John Holdren; and Representative Henry Waxman (CA-33), Ranking Metuber on the House Energy and 
Commerce Committee. 

The QER Task Force convened its first public stakeholder meeting to examine the challenges and opportunities 
resulting from the evolving US. energy sector. New domestic sources of energy and the expanded use of 
renewables have improved America’s energy security and economic competitiveness and will help in achieving 
its environmental goals. However, not all of the changes across the energy marketplace are universally positive. 
As the energy sector expands and new market entrants emerge, the number and complexity of vulnerabilities 
threatening energy TS&D infrastructure increase. The QER Task Force asked stakeholder experts at this 
meeting to discuss the vulnerabilities identified by QER analysts, suggest additional topics for research and 
analysisS, and offer policy prescriptions for consideration in preparation of this first QER installment. The 
vulnerabilities identified include, but are not limited to, the following: 

• Challenges to TS&D infrastructure caused by new markets, changes in energy user demographics, and 
energy usage patterns 

• Aging infrastructure and ^vorkforces 

• Current and anticipated capacity constraints 

• Impacts of climate change 

. Threat of cyber attacks and physical attacks on the infrastructures 

. Potential for any vulnerability to be exacerbated by the increasing interdependencies of energy systems 
with water, telecommunications, transportation, and emergency response systems. 

Additionally, stakeholder experts were asked to discuss the resilience of energy infrastructure; in particular, the 
ability to withstand the variable nature of vulnerabilities— like climate-change-driven extreme weather—and 
the concept of the changing universe of energy supply options as a vulnerability in and of itself. The QER Task 
Force sought insights about what relevant industries are doing to plan and execute strategies that address these 
vulnerabilities; how the public and private sectors could work together to responsibly develop necessary new 
infrastructure; and what will be the appropriate roles and responsibilities of Federal, state, local, and tribal 
governments in these endeavors out to 2030 and beyond. 
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Meeting #2: New England Regional Infrastructure Constraints 

April 21, 2014 

Morning Session - Rhode Island Convention Center; Providence, Rhode Island 

Hosted by Secretary of Energy Ernest Moniz; Governor Lincoln Chafee; and U.S. Senator Jack Reed (Rl). 

Afternoon Session - Connecticut Department of and Environmental Protection; Hartford, Connecticut 

Hosted by Secretary of Energy Ernest Moniz; Governor Dannel Malloy; Representative Elizabeth Esty (CT-5); 
Representative John Larson (CT-1); and Connecticut Department of Energy and Environmental Protection 
Commissioner Robert Klee. 

The second formal public stakeholder meeting consisted of morning and afternoon sessions in separate cities 
to examine infrastructure constraints for energy TS&D in New England. New Englanders pay high prices 
for electricity, home heating oil, gasoline, and natural gas, and these prices can be volatile. For instance, the 
unusually severe winter of 2013-2014 saw extremely high natural gas prices (greater than $120 per million 
British thermal units compared to normal summer prices of around $5 per million British thermal units). 
These spikes can be attributed to strong demand, pipeline constraints, wellhead freeze-offs, limited regional 
liquefied natural gas deliveries, and a lack of storage. Similarly, the regional electricity market suffers from 
outdated regulatory constructs and business models that do not take full account of the importance of 
ensuring adequate natural gas and electric transmission. 

New England governors, other political leaders, the business community, and residents in all six states are 
paying close attention to the region’s infrastructure. The QER Task Force convened this meeting to hear these 
stakeholders’ concerns, but also to hear about efforts underway to create regional solutions. In Providence, 
the Task Force heard presentations and pane! discussions on two infrastructure topics: (1) needs for heat and 
power, and (2) how to ensure reliability and affordability of the regions energy systems. In Hartford, the Task 
Force heard stakeholder experts address two infrastructure topics: (1) gas- electricity interdependence, and (2) 
current challenges and solutions. A fifth panel made up of representatives from the Governors of Connecticut, 
Maine, Massachusetts, New Hampshire, and Vermont (the State of Rhode Island had participated in the 
morning session) discussed regional approaches to infrastructure solutions. 

Meeting #3: Petroleum Product Transmission and Distribution 

May 27, 2014 - Louisiana State University Health Sciences Center; New Orleans, Louisiana 

Hosted by Secretary of Energy Ernest Moniz; Deputy Secretary of the Interior Mike Connor; and U.S. Senator 
Mary Landrieu (LA), Chair of the Senate Energy and Natural Resources Committee. 

The third QER public meeting was convened to give the QER Task Force an appreciation for the regional and 
nationwide importance of petroleum TS&D infrastructure. Stakeholder experts were asked to discuss the 
implications of shifting energy flows from the standpoint of their particular organization or sector, as well as 
the U.S. petroleum industry, and to provide a particular focus on the onshore and offshore regions in the Gulf 
of Mexico. Additionally, panelists were asked to discuss the need for petroleum storage; interdependencies 
between various infrastructure energy systems (e.g., pipelines, rail, electricity, and telecommunications); 
workforce issues; and rapidly evolving challenges to petroleum infrastructure, particularly the degree to which 
it can be made more resilient in light of increasingly severe weather patterns. 
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While petroleum TS&D infrastructure was the announced topic, panelists and U.S. Senator Landrieu (LA) also 
emphasized that the New Orleans area (including the regions rail and marine infrastructure) was important 
for other industries (in particular, for the natural gas industry) and integral to the movement of other 
commodities (in particular, coal and agricultural products moving down the Mississippi to both foreign and 
domestic customers). 

Meeting #4; The Water-Energy Nexus 

June 19, 2014 - City Hall; San Francisco, California 

Hosted by Director of the Office of Science and Technology Policy John Holdren and Deputy Secretary of the 
Interior Mike Connor. 

The fourth QER meeting examined the intrinsic linkages between water and energy. While the hrst installment 
of the QER focused on TS&D infrastructure, the San Francisco meeting addressed a broader set of issues that 
relate to both current and future QER topics, as well as DDEs ongoing work on the water-energy nexus. Water 
is essential to energy production and electricity generation, and energy is required to extract, convey, and 
deliver water for these purposes, as well as to treat associated wastewater. Increasingly, the water-energy nexus 
is on the minds of policymakers and stakeholders; climate change has altered precipitation levels, temperature 
patterns, and the availability of water; population growth and migration to arid regions intensifies battles 
over water rights; and new technologies have been introduced and are shifting or increasing water and energy 
demand. Finally, governments and private sector stakeholders are trying to come to terms with the increasing 
interdependence in light of the fact that, though closely linked, energy and water systems historically have been 
developed, managed, and regulated independently at the local, state, national, and international levels. 

'Ihe QER Task Force heard from two expert panels on the increasing urgency to act on the water-energy 
nexus, as well as how state, local, tribal, and international governments can work together to integrate water 
and energy infrastructure development, management, and regulation, including identifying opportunities to 
improve efficiency, conservation, and infrastructure resilience. 

In conjunction with the San Francisco meeting, DOE released an associated report, “The Water-Energy Nexus: 
Challenges and Opportunities.”^® 

Meeting #5: Electricity Transmission, Storage, and Distribution—West 

July 11, 2014 - Lewis & Clark College; Portland. Oregon 
Hosted by Deputy Secretary of Energy Daniel Poneman. 

The fifth QER public stakeholder meeting addressed electricity transmission and distribution issues from a 
Western U.S. perspective. Panelists were asked to respond to a set of framing questions. For the first panel on 
transmission, panelists delivered presentations and opined on the broad question, "Can we build and operate 
the appropriate amount of TS&D for future needs?” Panelists discussed how to maintain reliability with a 
changing generation and end-use resource mix; the planning, cost-allocation, and state and Federal siting 
processes needed to build new transmission; and when to build new versus upgrading existing transmission. 
For the second panel on electricity distribution, experts were asked to react to the question, "How do we cope 
with new distribution challenges and opportunities?” The second panel considered a broad array of emerging 
technologies on the distribution grid, as well as greater customer engagement and other factors providing both 
technical and policy challenges to the delivery of energy services to customers. 

Portlands final panel focused on whether electricity storage was finally coming of age. As part of this 
discussion, panelists were asked whether changing needs and improving technologies might finally make wide- 
scale storage a reality for the transmission and distribution grid. 
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Meeting #6: Natural Gas: Transmission, Storage, and Distribution 

July 21, 2014 - Carnegie Mellon University; Pittsburgh, Pennsylvania 

Hosted by Secretary of Energy Ernest Moniz and Representative Tim Murphy (PA-18), Chair of the Investigations 
and Oversight Subcommittee of the House Energy and Commerce Committee. 

Tlie sixth QER stakeholder meeting focused on natural gas infrastructure. While national in scope, the 
Pittsburgh meeting featured a number of expert speakers who addressed natural gas development in the 
Marcellus and nearby Utica shale formations. The shale gas boom has created questions about how our 
existing infrastructure is adapting to serve a newfound abundance in supply, as well as the need for additional 
infrastructure— both to maximize resource utilization and to create localized and sustainable economic 
development for newly producing regions. 

While the American economy continues to adapt to the abundance of accessible shale and the resulting low 
natural gas prices, decreased carbon emissions, lower imports, and enhanced industrial competitiveness, the 
QER Task Force sought stakeholder insights on the effects of the shale revolution that are already being seen, 
what we as a Nation should focus on in terms of infrastructure and policy development to harness these 
resources for tlie regional and national economies, and how to balance the challenges and opportunities arising 
from the shale boom. 

Meeting #7: Gas-Electricity Interdependencies 

July 28, 2014 - University of Denver; Denver, Colorado 

Hosted by Deputy Assistant to the President for Energy and Climate Change Dan Utech and Colorado Public 
Utilities Commission Commissioner Pamela Patton. 

The seventh formal QER public stakeholder meeting was convened to demonstrate how the increasing demand 
for natural gas (in the power sector and in tlie economy) and the increased share of the electricity generation 
mix represented by natural gas have heightened the interdependence between the electricity and natural gas 
transmission systems. The meeting also highlighted how the importance of careful and coordinated planning 
and development of infrastructure for both systems is increasingly imperative. While the electricity and natural 
gas pipeline industries have operated together for decades, the two systems’ growing interdependence has 
created more frequent reliability challenges in recent years. To help craft policy recommendations to avoid 
a future of uncertain and periodically curtailed electricity services— especially during periods of extreme 
temperatures— or other gas disruptions that could adversely affect human health or the economy, the QER 
Task Force asked stakeholder experts to address the following issues in their presentations and moderated 
group discussions: (1) industry and government efforts to improve coordination between the gas and 
electricity sectors, and (2) how the gas and electricity sectors can reconcile differing planning, financing, and 
construction processes to improve infrastructure development, operation, and end use, and generally reduce 
the risks of increased interdependence out to 2030 and beyond. 


tD-t4 
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Meeting #8: Rail, Barge, and Truck Transportation 

August 8, 2014 - University of Illinois at Chicago; Chicago, Illinois 

Hosted by Secretary af Energy Ernest Moniz; Secretary of Transportation Anthony Foxx; Director of the Office of 
Science and Technology Policy John Hoidren; Assistant Secretary of the Army (Civil Works) Jo-Ellen Darcy; and 
Mayor Rahm Emanuel 

The eighth public meeting considered the effects of the last decades energy boom on our Nation’s shared 
transportation infrastructure— how the Nations rail network, highways, and the various vessels and 
infrastructures that make up our inland waterway. Great Lakes, and coastal maritime trade have adapted 
to increased commerce in crude oil and refined petroleum products, coal, ethanol, and other biobased and 
alternative fuels and natural gas liquids, 'fhe Chicago meeting sought to shed light on how the transformation 
of our domestic energy sector has created new issues for the “rail,“ “truck,” and “barge” infrastructures; how it 
has exacerbated old problems; and how moving new and more energ)’' products in a safe and efficient manner 
on these shared infrastructures has challenged policymakers and infrastructure planners. 

The QER Task Force sought to gain a better understanding of the complexities of the interrelated systems, 
as well as the opportunities and challenges inherent in changes— some planned, some not— coming to these 
infrastructures. Industries across multiple sectors are adjusting to new or vastly increased movements of 
eiiergy products by multiple modes, and the goal of the Chicago meeting was to provide QER Task Force 
analysts and agency leadership with an opportunity to hear how things are functioning and how they might be 
improved. 

Meeting #9: infrastructure Constraints — Bakken 

August 8, 2014 - Bismarck State College; Bismarck, North Dakota 

Hosted by Secretary of Energy Ernest Moniz; Secretory of Transportation Anthony Foxx; Director of the Office 
of Science and Technology Policy John Hoidren; Assistant Secretary of the Interior for land and Minerals 
Management Janice Schneider; Governor Jack Dalrymple; U.S. Senator John Hoeven (ND); U.S. Senator Heidi 
Heitkamp (ND); and Representative Kevin Cramer (ND-AL). 

The ninth public meeting (and the second on August 8) examined the dramatic changes to the U.S. energy 
profile that resulted from the development of the fossil fuel resources of the Bakken formation, as well as the 
infrastructure constraints created or exacerbated by the Bakken boom. Due to Administration principals flying 
into North Dakota for this meeting from a morning QER meeting in Chicago, the format of the Bismarck 
meeting was slightly different than the rest in the series. The meeting opened with a panel on workforce 
development issues, which were introduced by U.S. Senator Heitkamp (ND). The QER Task Force heard from 
representatives of state and tribal colleges, state and local government officials, and other experts on how to 
address the shortage of workers and housing in the region. 

After the workforce panel, state, Congressional, and Administration officials made remarks and took questions 
from the audience. The next two panels focused on Bakken infrastructure constraints and solutions and sought 
stakeholder input on changing infrastructure needs. During the meeting, panelists discussed shipping oil 
by rail, developing oil and gas pipelines, building electricity transmission for wind energy and conventional 
energy, reducing gas flaring, managing infrastructure siting and permitting issues, and extending the Highway 
Trust Fund. 
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Meeting #10: State, Locai, and Tribal issues 

August 11, 2014 - New Mexico State Personnel Office; Santa Fe, New Mexico 

Hosted by Secretary of Energy Ernest Moniz; Secretary of the Interior Sally Jewell; and U.S. Senator Martin 
Heinrich (NM). 

The 10th formal QER public stakeholder meeting addressed the challen^s of the changing energy marketplace 
for the state, local, and tribal authorities responsible for regulating energy infrastructure and maintaining 
the appropriate balance among pursuing economic goals; addressing system vulnerabilities; and maintaining 
a secure, affordable, reliable, and environmentally responsible energy system. The Santa Fe meeting sought 
insights from state, local, and tribal governments on a variet^^ of topics, including the multi-jurisdictional 
nature of many of the regulatory and other responsibilities regarding energy TS&D infrastructure, particularly 
in the electricity and oil and gas sectors. 

During this meeting, state policymakers, public utility commissioners, agency heads, tribal leaders, and city 
and county officials described new jurisdictional, regulatory, and coordination models that could enhance the 
Nations energy infrastructure and allow them to adapt to changing needs. Importantly, they also explored 
the broader policy implications of this transition, including infrastructures ability to withstand increasing 
threats; developing the workforce and training needed to build, operate, and upgrade infrastructure; designing 
affordable rate structures to pay for infrastructure; and addressing environmental quality concerns. 

Meeting #11: Infrastructure Siting 

August 21, 2014 - Little America Hotel: Cheyenne, Wyoming 

Hosted by Secretary of Energy Ernest Moniz; Assistant Secretary of Interior for land and Minerals Management 
Janice Schneider: and Governor Matt Mead (WY). 

The 11th formal QER public stakeholder meeting focused on infrastructure siting. State government officials, 
infrastructure developers, representatives of utilities and the oil and gas industry, community leaders, 
environmentalists, and other stakeholders were given the opportunity to inform the QER Task Force on ways 
to improve the planning and siting processes for building new energy TS&D infrastructure. Three expert 
panels (on electricity transmission, oil and natural gas infrastructure, and data needs) highlighted key lessons 
learned in siting and planning new TS&D infrastructure that can be applied to national policy determinations, 
or exposed problems that might be mitigated by research and development initiatives. 

As with each of the other public stakeholder meetings, the general public was provided with an opportunity to 
make comments at the conclusion of the expert panels. The Cheyenne meeting was the only one in the series 
during which no public comments were offered. 

Meeting #1 2: Electricity Transmission and Distribution — East 

September 8, 2014 - New Jersey Institute of Technology; Newark, New Jersey 
Hosted by Secretary of Energy Ernest Moniz. 

The 12th public stakeholder meeting sought expert insights on the same two topics covered at the July 1 1 
Portland, Oregon, meeting (electricity transmission and electricity distribution), but from an eastern U.S. 
perspective. The Newark meeting also featured a panel on business models and regulation of regulated electric 
utilities. Stakeholder experts were asked to respond to the same questions asked in Portland; (1) Can we build 
and operate the appropriate amount for future needs?; and (2) How do we cope with new challenges and 
opportunities in distribution? The first pane! emphasized reliability amid changing conditions, siting and other 
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planning challenges, cost allocation, changing load growth, resource diversity, and cost-benefit analyses of new 
construction versus existing asset optimization. The second panel focused on technical and policy options 
created by emerging technologies. 

Hie last panel on busineSvS models and regulation for regulated electric utilities had, as its context, the following 
trends: declining sales or low load growth for many utilities; increasing self-generation by some customers; 
and, despite this phenomenon, increasing spending to maintain and continue updating electricity transmission 
and distribution. Taken together, these factors had some panelists calling into question whether current 
business models and regulation for regulated electric utilities are still appropriate or if they need to evolve. 

Meeting #13: Energy Infrastructure Finance 

October 6, 2014 - New York University; New York, New York 

Hosted by Secretary of Energy Ernest Moniz and Representative Carolyn Maloney. (NY'12), Ranking House 
Member on the Joint Economic Committee and Ranking Member on the Subcommittee on Capital Markets and 
Government Sponsored Enterprises of the House Financial Services Committee. 

The last public meeting for this installment of the QER focused broadly on the financing of energy TS&D 
infrastructure. Hie dramatic transformation of the U.S. energy sector has produced a variety of benefits, but 
also has resulted in a number of challenges and uncertainties. These uncertainties include how the financial 
industry should react when traditional signals from the energy sector— historical flow patterns, as w'eli as 
assumptions of supply scarcity and demand growth— have been upended by an unprecedented period of 
technological advancement and adaptation. With the energy landscape seeming to change before the eyes 
of investors, and with the risk calculations traditionally used by the banking industry not necessarily being 
relevant any longer, the i3th QER public meeting examined how players in infrastructure finance were meeting 
the challenge of these new realities to support the development of new and expanded pipeline networks, 
transmission and distribution assets, storage facilities, and other infrastructure. 

Financial experts in three sectors (capital acquisition, electricity, and oil and natural gas) explored the 
following; how to minimize the cost of capital/maximize the availability of capital in a new energy economy; 
the potential for stranded investments or underinvestment in assets in fast-moving market conditions; 
balancing regulatory costs with the need for regulation as an incentive for desired infrastructure development; 
how to improve cost-benefit analyses and broader dissemination of best practices; and how to evaluate the 
financial risk of new, unproven technologies and processes. 

Methane StakehoSder Roundtables 

Secretary of Energy Ernest Moniz hosted five stakeholder roundtables with government, industry, 
environmental, labor, and academic leaders involved in the natural gas sector to identify and highlight best 
practices, technology solution.s, and policies for securing reductions in methane emissions from its midstream 
and downstream segments. Hie roundtable sessions allowed experts to provide input into the Administrations 
Strategy to Reduce Methane Emissions;^ discussions and information shared by stakeholders also proved very 
informative for the QER. 

Hie primary goal of these roundtables was to catalyze action to reduce methane emissions from distribution, 
transmission, storage, and processing segments of natural gas systems. Roundtable participants were invited 
based on their expertise in methane emissions abatement. 


See: The White House Blog. “A Strategy to Cut Methane Emissions.” March 28, 2014. www.wh-itehouse. 90^13109/20 14/03/28/ 
strategy-cut-methane-emissions. 
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Additional goals of the methane roundtables included the following: (1) promoting a common understanding 
of the scale of methane emissions from natural gas systems and related abatement opportunities, (2) catalyzing 
greater action and engagement by policymakers at all levels of government, and (3) encouraging visible 
leadership and demonstrated commitments to a common vision that embraces the need to reduce methane 
emissions from natural gas systems. After review and consideration of stakeholder input, Secretary Moniz 
joined stakeholder participants at the White House in announcing several new initiatives to help advance the 
goals of the Administrations broader Strategy to Reduce Methane Emissions. 

Following are details about the dates, topics, locations, and foci of the methane stakeholder roundtables held by 
DOE to inform the QER. 

Kickoff Roundtable 

March 1 9, 2014 - DOE Headquarters; Washington, D.C. 

The initial meeting of the methane stakeholder roundtable series included participants from industry, state 
government, academia, nongovernmental organizations, and labor organizations. Participants expressed a 
common interest in repairing natural gas infrastructure to improve safety, create jobs, and reduce greenhouse 
gas emissions. There are significant remaining opportunities to reduce methane emissions from all segments 
of the natural gas supply chain; however, industry representatives noted that their companies have been 
focused on repairing leaks, replacing leak-prone pipelines, and conducting preventative maintenance for 
many years. The primary barrier to natural gas infrastructure modernization is getting cost recovery for the 
capital-intensive investments. While most states have trackers or surcharges on consumer bills to facilitate cost 
recovery for pipeline replacement efforts by local distribution companies, there is no equivalent mechanism 
for interstate pipeline networks that are regulated by the Federal Energy Regulatory Commission. Stakeholders 
suggested that there are still opportunities for DOE to help facilitate industry efforts (e.g., by supporting the 
development of new and lower-cost technologies to enable the broader use of leak detection and repair and by 
coordinating research efforts across government agencies and with stakeholders). 

Participants shared many examples of successful infrastructure modernization programs and best practices. 
For example, Arkansas recently completed its statewide replacement of cast iron pipe. Arkansas policy has 
succeeded in part because companies can immediately recover costs with a line item on consumer bills, 
meaning that utilities do not have to wait for a new rate case. Georgia, Ohio, and Oklahoma are also making 
big strides, in part by enabling immediate cost recovery for infrastructure investments. 

Labor Unions and the Manufacturing Sector 

April 24, 2014 - DOE Headquarters; Washington, D,C. 

Participants at the .second methane stakeholder roundtable reiterated the shared interest in infrastructure 
modernization to increase the reliability of the natural gas system, create jobs for skilled workers, and reduce 
greenhouse gas emissions. Often, local distribution companies are willing to make upgrades if funding is 
available. Securing funding for infrastructure modernization can be challenging, but some state policies—such 
as the Strategic Infrastructure Development and Enhancement Program in Maryland — have made it easier for 
local distribution companies to acquire funding for infrastructure projects. However, even if funding is made 
available, a project-by-project approach to regulatory approval can still be a barrier to achieving widespread 
improvements and coordination in infrastructure repair and modernization. 

A comprehensive strategy for infrastructure modernization can create jobs for skilled workers. Skilled union 
workers, in particular, could help companies repair pipelines to high-quality standards, avoiding repeated 
short-term repairs that result from poor construction. The current workforce with the skills to replace 
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pipelines is nearing retirement, and unions can help provide worker training programs to prepare younger 
workers for these jobs. Job creation and trainir^ should be considered part of the investment in the asset base 
of natural gas infrastructure. 

Academia, Nongovernmental Organizations, and Environmental Groups 

May 20, 2014 ~ DOE Headquarters; Washington, D.C. 

During the third methane roundtable session, participants discussed the research needed to improve methane 
sensing, reform state and Federal policies, and remove barriers to investments in infrastructure that is safer and 
lower emitting. One of the resounding themes of the discussion was the need for a more comprehensive system 
for calculating emissions and transparently providing the necessary data in an improved inventor)'. Although 
data for specific systems and locations has been calculated, there is not a complete picture of emissions from 
TS8cD of the ,supply chain. There is a shared belief that sensor technology should be improved to accurately 
collect emissions data and that it would potentially require more funding for such improvements. 

In addition, participants deliberated over which incentives need to be implemented to reduce methane 
emissions. Emironmental groups expressed strong support for the Environmental Protection Agency taking 
steps to propose and finalize methane emissions performance standards for new and existing facilities across 
the natural gas supply chain. It was suggested that the costs of investments in infrastructure modernization 
should be borne more by shareholders instead of having the consumer pay out-of-pocket for all of the 
necessary repairs. Another theme was to amend state and Federal economic regulatory frameworks to reduce 
the economic disincentives to become safer and possibly encourage more investment in infrastructure. Finally, 
participants explored various ways for Federal and state economic regulators to treat lost- and unaccounted- 
for gas, which is a catch-all accounting mechanism used to reflect meter errors, theft, leakage, and other factors. 
Others pointed out that lost- and unaccounted-for gas is a poor metric for leakage. Participants suggested 
research and development to lower the cost of more accurate meters and limit the amount ot lost- and 
unaccounted-for gas that companies are allowed to recover through rates (as some states have adopted). 

Natural Gas Companies 

[une 11, 2014 - DOE Headquarters; Washington, D.C 

During the fourth metliane roundtable session, participants discussed progress that the natural gas indtistry 
has made to reduce methane emissions and remaining barriers to emissions reductions. Companies have 
taken innovative approaches to reduce methane emissions and further their pipeline salety efforts, including 
the development of partnerships with government agencies, academic institutions, and industry to reduce 
emissions through programs such as the Environmental Protection Agency’s Natural Gas STAR program 
and private sector efforts like the Downstream Initiative and the OneFuture Coalition. Some companies have 
undertaken in-house initiatives to reduce emissions using self-a,ssessment of performance metrics. However, 
participants emphasized several barriers to accelerating investment in infrastructure. More cooperation within 
the natural gas industry and stronger relationships between state regulators and operators could help speed 
infrastructure modernization. Greater coordination between government agencies could allow- for natural gas 
infrastructure improvements in conjunction with other public works projects (i.e., in conjunction with w'ater 
and telecommunications infrastructure upgrades). Participants suggested implementing public education 
programs and sharing best practices between companies and regulators. 

Participants also voiced concern over the lack of funding for researching and developing technologies that 
could facilitate infrastructure modernization. These technologies include less expensive and more accurate 
leak-detection equipment, innovative methods or materials that could reduce the cost of pipeline replacement, 
and data collection systems to monitor the entire natural gas supply chain. 
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Capstone Roundtable 

July 29, 2014 ~ 'The White House; Washington, D.C. 

The capstone roundtable included industry, labor, state regulators, and environmental and consumer groups 
that have been actively engaged in a range of efforts to modernize natural gas infrastructure and reduce 
leakage from transmission and distribution segments of natural gas systems. The focus of the roundtables 
was on reducing emissions from natural gas transmission and distribution systems. This meeting was the 
culmination of in-depth discussions with industry, unions, consumer and environmental groups, state 
regulators, and academics at the four previous roundtables. This series provided the opportunity for experts 
to provide input into the Administrations strategy. This complements efforts underway at the Environmental 
Protection Agency and served as one means to inform the interj^ency methane strategy and QER. 

At this meeting. Secretary Moniz announced a number of actions that DOE will take to address methane 
emissions from natural gas systems. Participating stakeholders also announced several new initiatives, 
including significant new investments in infrastructure. While natural gas companies have made significant 
progress in reducing methane emissions, many expressed strong commitments to play leadership roles and do 
more to modernize infrastructure to help realize the safety, economic, environmental, and health benefits that 
natural gas provides to customers. A group of five labor unions announced an expansion of apprenticeship 
and training programs, while the Interstate Natural Gas Association of America committed to developing 
guidelines for directed inspection and maintenance at natural gas transmission facilities. A more detailed 
description of actions can be found on DOE’s website at wvv'w.energy.gov/articles/factsheet-initiative-help-modernize- 
natural-gas-transmission-and-dfstribution. 

QER Interagency Engagement 

In the QER Presidential Memorandum, the President established the QER Interagency Task Force, which is 
co-chaired by the Director of the Office of Science and Technology Policy and the Director of the Domestic 
Policy Council and more than 20 executive departments and agencies'^ that play key roles in developing and 
implementing policies governing energy resources and consumption, as well as associated environmental 
impacts. The President directed the Task Force to develop a comprehensive and integrated review of 
energy policy resulting from interagency dialogue and active engagement of external stakeholders, as well 
as offer recommendations on what additional actions it believes would be appropriate. As set forth above, 
the final QER was developed by the Task Force in response to the President’s direction. Tlie findings and 
recommendations are based on Task Force deliberations, meetings with staff-level agency representatives and 
experts, and information provided to the secretariat and Task Force members by external stakeholders. 

Since issuance of the Pre.sidential Memorandum, the White House (supported by DOE, serving as executive 
secretariat of the Task Force) convened regular meetings of the Task Force and worked closely with the 
agencies’ leadership and staff on the QER. Member agencies have collaborated with the Ta.sk Force to develop 
the QER by providing information on topics within their statutory and regulatory jurisdiction, or areas of 
particular expertise related to energy infrastructure TS&D. Agencies have delivered studies, data, and other 

The members of the Task Force include: (1) the Department of State; (2) the Department of the Tieasury; (3) the Department 
of Defense; (4) the Department of the Interior; (5) the Department of Agriculture; (6) the Department of Commerce; (7) the 
Department of Labor; (8) the Department of Health and Human Services; (9) the Department of Housing and Urban Development; 
(iO) the Department of Transportation; (11) the Department of Energy; (12) the Department of Veterans Affairs; (13) the 
Department of Homeland Security; (14) the Office of Management and Budget; (15) the National Economic Council; (16) the 
National Security Staff; (1 7) the Council on Environmental Quality; (18) the Council of Economic Advisers; (19) the Environmental 
Protection Agency; (20) the Small Business Administration; (21) the Army Corps of Engineers; (22) the National Science 
Foundation; and (23) such agencies and offices as the President may designate. 
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information to the Task Force for consideration in policy analysis and modeling; reviewed analysis and 
findings; leveraged the work of other relevant Administration initiatives;" and» led by the Office of Science and 
Technology Policy and Domestic Policy Council, collaboratively developed policy recommendations. 

Task Force members also partnered with the secretariat on a series of 13 formal public stakeholder meetings, 
scheduled at venues around the country from April 2014 to October 2014, with themes of a regional, sector- 
specific, or stakeholder-group-specific nature. At each of the meetings. Administration representatives, 
including Cabinet secretaries, senior White House personnel, and other senior officials, often joined by 
Members of Congress, governors, or mayors, opened the events and set the focus for the expert panels that 
followed. 


' The Task Force leveraged the work (5f related initiatives, including, among others, the Interagency Climate Change Adaptation Ta.sk 
Force, the Task Force on Climate Preparedness and Resilience, the Build America Infrastructure Initiative Working Group, the 
Interagency Methane Strategy, the Federal Interagency Floodplain Management Task Force, the Hurricane Sandy Building Task 
Force, the Arctic Council, the Mitigation Framework Leadership Group, the Committee on the Marine Transportation System, the 
Interagency Steering Committee on Federal Infrastructure Pennitting and Review Process improvement, the Rapid Response Team 
for Fransmission, and the Unified Federal Environmental and Historic Preservation Review. 
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LIST OF ACRONYMS AND UNITS 


APE - Area of Potential Effect 

ASSETS Actions to Support Shared Energy 

Transport Systems 

Bcf/d - billion cubic feet per day 

BLM - Bureau of Land Management 

BLS “ Bureau of Labor Statistics 

CCRIF - Caribbean Catastrophe Risk Insurance 
Facility 

CEM - Clean Energy Ministerial 
CESI - Caribbean Energy Security Initiative 
CMAQ - Congestion Management and Air Quality 
COj - carbon dioxide 

CO,-EOR - carbon dioxide enhanced oil recovery 
DHS - Department of Homeland Security 
DOE - Department of Energy 
DOT - Department of Transportation 

DRECP - Desert Renewable Energy Conservation 
Plan 

EIA - Energy Information Administration 

EPA - Environmental Protection Agency 

EPGA - Energy Policy and Conservation Act 

EPSA - Office of Energy Policy and Systems Analysis 

ERGOT.- Electric Reliability Council of Texas 

FERC - Federal Energy Regulatory Commission 

FY - Fiscal Year 

GHG - greenhouse gas 

GHGI - Greenhouse Gas Inventory 

GIS -r geographic information system 

GROW AMERICA Act - Generating Renewal, 

Opportunity, and Work with Accelerated Mobility, 

Efficiency, and Rebuilding of Infrastructure and 

Communities throughout America Act 

GWP - Global Warming Potential 

IEEE - Institute of Electrical and Electronics 
Engineers 


kV - kilovolt 

ENG - liquefied natural gas 
LPTs - large power transformers 
Million bbl/d - million barrels per day 
Mm/yr - millimeters per year 
MOU - memorandum of understanding 
MTS “ Marine Transportation System 
MW - megawatt 

NEHHOR - Northeast Home Heating Oil Reserve 

NEPA - National Environmental Policy Act 

NGL - natural gas liquids 

NOAA - National Oceanic and Atmospheric 

Administration 

PADD - Petroleum Administration for Defense 
District 

PEV - plug-in electric vehicle 

PHMSA - Pipeline and Hazardous Materials Safety 
Administration 

PMj^j ~ fine particulate matter 

PV - photovoltaic 

QER - Quadrennial Energy Review 

QTR - Quadrennial Technology Review 

R&D - research and development 

RDD&D - research, development, demonstration, 
and deployment 

RPPRs- regional petroleum product reserves 
SPR - Strategic Petroleum Reserve 
STB - Surface Transportation Board 

TIGER - Transportation Investment Generating 
Economic Recovery 

TS&D - transmission, storage, and distribution 

USAGE - Army Corps of Engineers 

USFS “ Forest Service 

VOCs - volatile organic compounds 
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Department of Energy 

Washington, DC 20586 
July 23, 2015 


The Honorable Lisa Murkowski 
Chairman 

Committee on Energy and Natural Resources 
United States Senate 
Washington, DC 20510 

Dear Madam Chairman: 

On April 28, 20 1 5, Secretary Ernest Moniz testified regarding the Administration’s 
Quadrennial Energy Review. 

Enclosed are answers to the questions that were submitted by Ranking Member 
Maria Cantwell, Senators Jeff Flake, Debbie Stabenow, Bill Cassidy, AI Franken, Shelley 
Moore Capito, Joe Manchin, Mazie Hirono, and you to complete the hearing record. 

If we can be of further assistance, please have your staff contact our 
Congressional Hearing Coordinator, Fahiye Yusuf, at (202) 586-2764. 

Sincerely, 


Jaime Shimek 
Deputy Assistant Secretary 
for Senate Affairs 

Congressional and Intergovernmental Affairs 


Enclosures 


cc: The Honorable Maria Cantwell, Ranking Member 
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QUESTIONS FROM CHAIRMAN USA MURKOWSKl 

Q I , The QER highlights concerns about the vulnerability of large power transformers to 

physical attacks, geomagnetic disturbances, and cyber incidents. The report finds that the 
Spare Transformer Equipment Program, a voluntary program for utilities, does not have a 
large enough inventory of transformers in the event of a large, coordinated attack. 

The QER recommends having DOE coordinate with the Department of Homeland 
Security and states and localities on an initiative to mitigate risks associated with the loss 
of transformers. Do you plan to build off the existing STEP program? If so, how will 
that work? If not, why not? What concrete steps will the Department take to ensure 
access to transformers exists in the event of an emergency? 

A 1 . Implementation of the QER recommendation to study the need for and develop a 
transformer reserve will begin with a review of existing programs, regulations, and 
industry practices to ensure transformer availability, and determine whether new Federal 
regulatory authorities or cost share are necessary and appropriate. Pending the outcome 
of that review, as well as several technical studies on needs for a transformer reserve, the 
Department will work with industry and states to determine the best way to complement 
and build on existing transformer paits-sharing programs. DOE will work to ensure 
emergency access to transformers by supporting existing industry efforts and studying the 
feasibility of developing a resert'C. 

Q2. In Alaska, we have an 800-mile pipeline that is already built, that is surrounded by 

billions of barrels of oil on federal lands and beneath federal waters, but that is less than 
half-full right now. T his is a report about infrastructure, but TAPS is hardly mentioned in 
the QER, except in the context of climate change making it harder to operate. I would 
argue instead that this Administration, through its restrictive actions, is a much greater 
threat to TAPS’ future than anything related to our climate. 

Q2a. Do you consider TAPS to be critical energy infrastructure for the United States? 

A2a. Yes, TAPS is critical energy infrastructure for the United States.\ 

Q2b. Is this Administration firmly committed to refilling it with Ala,skan oil? 

A2b. The Department of Energy supports efficient use of critical energy infrastructure. 

Q2c. What do you think would happen if TAPS had to be taken offline and dismantled, 
because not enough oil is flowing through the line on a daily basis? 
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A2c. The Department of Energy is not aware of any governmental study assessing the impacts 
of suspending the use of the TAPS. 

Q2d. In Alaska, we have an 800-mile pipeline that is already built, that is surrounded by 

billions of barrels of oil on federal lands and beneath federal waters, but that is less than 
half-full right now. This is a report about infrastructure, but TAPS is hardly mentioned in 
the QER, except in the context of climate change making it harder to operate. 1 would 
argue instead that this Administration, through its re.strictive actions, is a much greater 
threat to TAPS’ future than anylhing related to our climate. 

A2d. The QER is envisioned to be a set of installments. The first installment was energy 

transmission, storage, and distribution infrastructure. The focus of the next installment 
has not yet been decided. 


Q3. There is a short section on electric vehicles in the QER, touting some of the benefits the 
could provide to the electric grid, if deployed in significant numbers. Yet we have also 
seen expectations about EV deployment fall dramatically short in recent years - certainly, 
the President’s goal of 1 million electric vehicles by 2015 fell far short of being met. 

a. Electric vehicles use large quantities of graphite, copper, rare earths, and many 
other minerals and metals, 1 have re-introduced my legislation to promote our 
mineral security, which right now is in a dismal state. Would you agree that an 
abundant and affordable supply of domestic minerals - and legislation to promote 
that supply - is in the best interest of both new technologies, and our manufacturing 
competitiveness in general? 

b. What else do you think it will take for electric vehicles to deploy in wider 
numbers? Are we going to need a new battery chemistry to bring costs down and 
improve their performance? 

c. Would you agree that electric vehicles are just one of many promising vehicle 
technologies - and that our policies at the federal level should generally be 
technology-neutral, so that we are not picking winners and losers? 

A3, An abundant, diverse, and affordable supply of domestic materials is important to various 
clean energy products and underpins many advanced manufacturing industries. 
Diversified global supply chains are essential: multiple sources of materials are required 
to manage supply risk. This means taking steps to facilitate the environmentally sound 
extraction, processing, and manufacturing of critical materials here in the United States, 
as well as encouraging other nations to expedite alternative supplies. 
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The Department’s 2010 and 201 1 Critical Materials Strategy reports identified three 
pillars to address critical materials challenges: 1) diversifying supply of critical materials, 
2) developing alternatives to critical materials, and 3) driving recycling and reuse of 
critical materials. While an abundant and diverse supply is important as noted above, the 
other two pillars — ^alternatives and recycling processes — are also important for mitigating 
risk. In 2013, DOE funded the Critical Materials institute (CM!), led by Ames National 
Laboratory in .Ames, Iowa. The Institute has brought together leading experts to pursue 
scientific and engineering research to address material criticaiity as an impediment to the 
commerciaitzation of clean energy' technologies of today and tomorrow'. The Institute 
has focu.sed its efforts around the three pillars of the Critical Materials Strategy. 

At the Committee’s request, the Department has recently provided technical assistance 
comments on the draft and introduced versions of your critical materials legislation, S, 
883, the American Mineral Security Act of 2015. The Department stands ready to work 
with you and the Committee to provide additional feedback on any specific legislative 
proposal, if requested. 

The Department, through its Vehicle Technologies Office (VTO), has made significant 
progress in reducing barriers to plug-in electric vehicle (PEV) deployment. First among 
those barriers is cost. In 2014, VTO R&D reduced the modeled, high-volume production 
coiit of PEV batteries to less than $300/kwh, a more than 40% reduction from the EV 
Everywhere Grand Challenge baseline cost established in 2012, and a more than 70% 
reduction from 2008 costs. Additionally, VTO R&D has reduced the modeled cost of an 
electric drive system from .$30/kW to less than $1 5/kW over the same time period. 

The U.S. is a global leader in the development of advanced battery technologies and must 
continue to develop advanced battery packs if it aspires to be a major player in the global 
market for PEV batteries in the future. The National Academics’ recent report 
Overcoming Barriers to Deployment of Phig-ln Electric Vehicles specifically 
recommended that federal support for continued battery research is likely to lead to 
increased PEV deployment However, even with our recent success, there remain cost 
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and performance challenges to enabling the penetration of advanced vehicle technologies 
in the marketplace. The Department’s FY 2016 Budget Request for Vehicle 
Technologies is funded to address these challenges. As an example, EV Everywhere 
technology performance and cost targets will guide DOE investments to reduce the 
combined battery and electric drive system costs of a PEV by up to 50% (by 2022, from a 
2012 baseline) and enable PEVs to be as affordable and convenient as the conventional 
gasoline vehicles we drive today. Specific technical targets include: 

• Cutting battery costs from less than $300/kWh in 2014 to $125/kWh by 2022; 

• Eliminating almost 30% of vehicle weight through lightweighting by 2022, 
compared to a 2002 baseline; and 

■ Reducing the cost of electric drive systems from $15/kW in 2014 to $8/kW by 

2022. 

With regard to battery chemistry, batteries in the near future will be based on lithium-ion 
chemistries. These future batteries will benefit from VTO research and development 
activities to lower cost and achieve incremental improvements in performance and safety. 
For example, the batteries in the second-generation Chevrolet Volt (announced in January 
2015 for sale late in 2015) will have a battery cell count reduced by a third but still give 
drivers an additional 10 miles of electric range. In addition, lithium-ion batteries with 
more extensive changes are under development. These batteries will replace the carbon 
anode with a silicon alloy anode that will enable a threefold increase in battery storage 
capacity. This anode will be coupled with a lithium-rich high voltage, high capacity 
cathode using technology developed at Argonne National Laboratory, also helping 
increase total battery capacity. 

Longer-term work is also progressing to move toward metallic lithium as the anode and 
sulfur or oxygen as the cathode. These refinements will increase the energy density of 
these new batteries by three or four times relative to advanced lithium-ion technologies 
and will use common and relatively low cost materials (oxygen and sulfur). Solid state 
lithium battery chemistries employing ceramic electrolytes will also be a critical 
technology to be pursued in this timeframe. 
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Electric vehicles are one of many promising vehicles technologies within the 
Department’s diverse sustainable transportation portfolio, which supports an all-of-the- 
above approach to American energy. The Vehicle Technologies, Fuel Cell, and 
Bioenergy Offices comprise a diverse sustainable transportation portfolio with research, 
development, demonstration, and deployment projects spanning advanced combustion 
engines, biofuels, hydrogen, electricity, natural gas, and propane. We are already seeing 
rapid growth and deployment of many clean energy technologies, thanks in part to well- 
designed state and federal incentives and R&D investments in a broad range of 
technologies. 


Q4. Recent stories in the press have highlighted a pair of floating solar projects in .fapan that 
came online in March. They’re already providing power to the grid with a combined 
2.9MW of capacity - sufficient to deliver power to 920 typical households per year. 

The Brazilian government is reportedly developing a floating solar project that will boast 
350M W of capacity, a floating solar array in South Australia should be online this year 
with enough capacity to power its co-located wastewater treatment facility and provide 
excess power flow-on to the township of .lamestown. And I'm aware of the 12.5MW 
floating solar farm underway in Sonoma County, California, that’s expected to come 
online sometime next year. That particular project has the added bonus of the roughly 
$30,000 per year the solar company will pay the county’s Water Agency to lease the 
wastewater ponds on which the solar will float. 

a. Is floating solar a concept DOE is studying for large scale use? 

b. If so, in what areas of the country? 

c. If not. why not? What are the limitations and drawbacks to installing large scale 
floating solar arrays atop wastewater, irrigation ponds, and other bodies of water? 

A4. The Department is not currently evaluating specific concepts for floating solar for large 
scale use. The DOE SunShot Initiative advances the state-of-the-art in photovoltaics 
(PV) by taking a technology-agnostic approach to funding R&D across the technology 
type and readiness spectrum with industry, academic and national laboratory partners 
through a competitive process, consistent with the Department’s goal of advancing 
innovation that makes solar power cost-competitive without subsidies by 2020. 
Specifically, SunShot seeds research to advance materials, processes, and device 
approaches that enable higher PV performance, greater reliability, and reduced cost at 
manufacturing and deployment scale. 


5 



417 


The largest challenge to this technology would be cost. While these projects may be 
technologically viable, the capital costs of installing one of these projects would be 
substantially higher than a traditional land-based PV array. Furthermore, DOE analysis 
has indicated that land availability will not be a constraining factor for solar energy even 
in high deployment scenarios, limiting the benefits of this technology in the United 
States. 

Q5. The QER recommends a number of energy infrastructure related initiatives and proposes 
to use federal funding to facilitate those initiatives. How does DOE plan to prioritize its 
proposals and ensure that federal funding, if authorized, is spent wisely and provides 
beneficial results, especially in tenins of resiliency? 

A5. The QER calls for increased Federal investments, targeted both at areas of traditional 
Federal responsibility and at new approaches to inform, incentivize, and leverage the 
investment decisions of state and local governments and the private sector that reinforce 
overarching economic, security, and environmental objectives. Some of these 
investments were already proposed in the President’s FY 2016 Budget Request. The 
recommendations that were not proposed in the FY 2016 Budget, both on the mandatory 
and discretionary side, will be subject to the President’s Budget process. QER 
recommendations support national policy objectives, including programs that will 
contribute to a number of energy objectives, DOE is currently supporting the planning of 
QER implementation, including identifying lead DOE and agency representatives. The 
recommendations include many competitive programs that will identify and prioritize the 
most cost-effective and beneficial improvements for resilience, reliability, safety, and 
other goals. 

In addition, many QER recommendations will directly help to inform effective and 
efficient use of federal funds - especially for resiliency - through comprehensive data, 
metrics, analytical frameworks, and planning. These recommendations include: 

• Develop comprehensive data, metrics, and an analytical framework for energy 
infrastructure resilience, reliability, and asset security: The Department of Energy 
in collaboration with the Department of Homeland Security and interested 
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infrastructure stakeholders, should develop common analytical frameworks, tools, 
metrics, and data to assess the resilience, reliability, safety, and security of energy 
infrastructures. (Page S-13) 

• Support the updating and expansion of state energy assurance plans, DOE should 
undertake a multi-year program of support for state energy assurance plans, 
focusing on improving the capacity of states and localities to identify potential 
energy disruptions, quantify their impacts, share information, and develop and 
exercise comprehensive plans that respond to those disruptions and reduce the 
threat of future disruptions. (Page S-13) 

• Provide grid modernization R&D, analysis, and institutional support. DOE 
should continue to pursue a multi-year, collaborative, and cost-shared research 
and development, analysis, and technical assistance program for technology 
innovation that supports grid operations, security, and management; and for 
analyses, work,shops, and dialogues to highlight key opportunities and challenges 
for new technology to transform the grid. (Page S-16) 

• Establish a framework and strategy for storage and grid flexibility. DOE should 
conduct regional and state analyses of storage deployment to produce a common 
framework for the evaluation of benefits of storage and grid flexibility, and a 
strategy for enabling grid flexibility and storage that can be understood and 
implemented by a wide range of stakeholders. (Page S-16) 

The above efforts will help identify specific priorities and high-impact areas for 
additional inve,slment, for resiliency and other energy objectives. 


Q6. In acknowledging that solar and wind have experienced significant growth from 2013 to 
2014 and made up 26 percent of the 4,396 megawatts of new utility-scale generating 
capacity added over the first six months of 2014. falling costs are cited as an important 
driver. State Renewable Portfolios Standards or other explicit preferences for renewables 
(including rebates or upfront cash incentives) and Federal subsidies are also 
acknowledged as important drivers to the recent and projected growth for renewable 
electricity generation. 

a. Low cost solar and wind are assumptions for each QER scenario analyzing 
transmission needs through 2030. Has DOE considered or analyzed the effect 
on solar and wind pricing and cost if Federal subsidies are eliminated? 
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b. If so, is that modeling available? If not, why not? 

A6. Low-cost solar and wind assumptions were used for four QER electricity cases; (1) a 

specific low-cost solar case, (2) a low-cost wind case, (3) a “combination case” with low 
renewables costs, a greenhouse gas cap, and low demand, and (4) a combination case 
with low renewables costs and low demand. All other QER scenarios used reference 
assumptions for wind and solar costs, aligned with the 2014 Annual Energy Outlook 
reference case. Because the QER modeling narrowly focused on understanding 
electricity transmission impacts of deep reductions in wind and solar costs, analysts did 
not consider the effect of eliminating wind or solar tax credits. 

Separate from the QER analysis, DOE has assessed the effect of tax credits on wind 
deployment. For wind, the impact of the production tax credit (PTC) on power purchase 
agreement (PPA) prices and levelized cost of energy (LCOE) was examined by the 
Lawrence Berkeley National Laboratory (LBNL) in a 201 4 study,' which determined that 
the impact of the PTC expiration on wind prices is $15.5/MWh for most wind projects. 
This is less than the full $23/MWh value of the PTC due to the cost of acquiring tax- 
equity. For comparison, LBNL found a generation weighted average PPA price for wind 
from 201 1 through 2013 of $35/MWh.^ 

The National Renewable Energy Laboratory explored the effect of PTC expiration on 
wind deployment in 2014."’ Under a variety of different load growth and natural gas cost 
scenarios they determined that if the PTC remains expired wind deployment would fall to 
3-5 GW per year down from a historical average of 8.7 GW per year from 2008-2012. 

A permanent extension of the PTC was predicted to drive 5 to 1 5 GW of annual 
deployment through 2030. 

The investment tax credit (ITC) step-down from 30 percent to 1 0 percent for utility-scale 
solar in 2017 was studied in a DOE-supported report undertaken by researchers at 


“An Analysis of the Costs, Benefits, and Implications of Different Approaches to Capturing the Value of 
Renewable Energy Tax Incentives,” Lawrence Berkeley National Labs. (20 1 4) 

" “2013 Wind Technologies Market Report,” Lawrence Berkeley National Labs (2014) 

’ “Implications of a PTC Extension on U.S. Wind Deployment.” National Renewable Energy Laboratory 
(2014) 
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Stanford University'* and in the previously referenced LBNL report on tax incentives.^ 
They determined that for utility scale solar for projects that can fully monetize the tax 
credits the LCOE would increase 25 percent to 33 percent^ while for projects that require 
tax equity the LCOE would increase by 15 percent.’ If the ITC is not extended, 
residential scale solar that is third-party-owned would still qualify for the 10 percent ITC; 
even with this incentive, the LCOE of residential scale solar is expected to increase by 38 
percent to 72 percent, with wide regional variance ba.sed on locally dependent factors.® 

Various third party market reports agree that the ITC stepdown would result in utility- 
scale annual deployment dropping from an average of 5 GW/yr dow'n to 1 GW/yr.’-'*’ 
Similarly, the residential ITC expiration would result in a stall in deployment grow'th at 2 
GW/yr, less than the annual deployments in any year since 20 1 1 . 

Q7. I was encouraged to see the Office of Indian Energy’s National Strategy on the Arctic 
Region, which included the substantial consultation with local entities in Alaska needed 
for strong energy policy, and appreciated the broad, detailed recommendations it made. 
Why weren’t some of those recommendations included in the QER and are you looking 
to that strategy to inform your work in the Arctic? 

A7. Both the President’s National Strategy’ for the Arctic Region (NSAR, 2013) and the 
subsequent Implementation Plan (2014) were used as framing documents for the 
development of the QER discussion of Arctic energy transmission, storage, distribution 
infrastructure, and partnerships with Arctic stakeholders. Specifically, the NSAR and the 


^ Reichelstein, S. J., Comello, S.D. (2015). The U.S. Investment Tax Credit for Solar Energy: Alternatives 
to the Anticipated 201 7 Step-Down (Working Paper No. 3280). Stanford University. 

® “An Analysis of the Costs, Benefits, and Implications of Different Approaches to Capturing the Value of 
Renewable Energy T'ax Incentives,” Lawrence Berkeley National Labs. (2014) 

® Reichelstein, S. .1., Comello, S.D. (2015). The U.S. Investment Tax Credit for Solar Energy: Alternatives 
to the Anticipated 20 ! 7 Step-Down (Working Paper No. 3280). Stanford University. 

’ “An Analysis of the Costs, Benefits, and Implications of Different Approaches to Capturing the Value of 
Renewable Energy 'fax Incentives,” Lawrence Berkeley National Labs. (2014) 

* Reichelstein, S. J., Com'ello, S.D. (2015). The U.S. Investment Tax Credit for Solar Eneigy: Alternatives 
to the Anticipated 2017 Step-Down (Working Paper No. 3280). Stanford University. 

’ “HI 2015 North American PV Market Outlook,” Bloomberg New Energy Finance. (2015) 

“U.S. Solar Market Insight Report, 2014 Year in Review,” Solar Energy Industries Association & 

Green Tech Media Research. (2015) 

*' “HI 2015 North American PV Market Outlook," Bloomberg New Energy Finance. (2015) 

“U.S. Solar Market Insight Report, 2014 Year in Review,” Solar Energy Industries Association & 
GreenTech Media Research. (2015) 
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Implementation Plan highlight the remote, or islanded, nature of many energy systems in 
Alaska, including those which serve Alaska Native communities, and the dependence of 
those communities on diesel for electricity generation. The implementation of QER 
recommendations for the Arctic will include measures of the NSAR and Implementation 
Plan explicitly. 


Q8. The QER and the solar industry both acknowledge that government subsidies are 
crucially important to the industry’s continued growth. 

What is the current system DOE uses to scrutinize and confirm data provided to it by 
companies applying for Federal solar subsidies? 

Why is the solar industry permitted to use “fair market values” when filing taxes or 
applying for subsides on projects when entities like Lawrence Berkeley National 
Laboratory exclude that form of data when studying industry pricing trends because they 
don’t consider the data to represent “actual transaction prices” for the projects? 

A8, Federal support for the deployment of solar energy is provided through the Investment 
Tax Credit (ITC). As the agency responsible for tax collection and tax law enforcement, 
the Internal Revenue Service (IRS) is responsible for scrutinizing applications for the 
ITC. 


As a research and development organization, the Department of Energy’s Office of 
Energy Efficiency and Renewable Energy supports the development of new technologies 
and tools that increase market transparency, improve consumer protection, and improve 
access to low-cost financing for a growing number of consumers. Some of these efforts 
to reduce the non-hardware “soft costs” of solar include developing tools to harness big 
data analysis and technical solutions, and developing solar finance and business 
solutions. Specific work has included creating standard solar Power Purchase Agreement 
(PPA) contracts and developing pricing and valuation tools to help protect consumers and 
improve transparency in the market. Together, these efforts will make it faster, easier, 
cheaper, and more transparent than ever to deploy solar technology. 

Fair market value is a concept designed by the IRS for entities monetizing the ITC 
through PPAs or solar leases. Typically, owners of an eligible system are able to reduce 
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their federal income tax liability by an amount equal to 30% of a solar system’s cost. 
However, under PPA or lease arrangements, a commercial entity owns the solar system 
and sells the electricity. Since there is no system selling price to use as a basis for cost, 
the IRS has indicated that “fair market value” should be used as a proxy for purposes of 
calculating the ITC. The Department has not been involved in developing this proxy or 
determining applicants’ eligibility to receive the ITC. 

latwrence Berkeley National Laboratory (LDNL) excludes systems assessed under “fair 
market value” for the sake of consistency and data quality. LBNL’s analysis aims to give 
an o verview of pricing trends. By only using selling price as a metric, the researchers are 
able to more accurately compare current prices with historic data, and infer broad 
changes in the market. 
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QUESTIONS FROM RANKING MEMBER MARIA CANTWELL 

Rail Transport Infrastructure Congestion 

Qla, What data and information is and is not available for understanding the effects of crade- 
by-rail transport affecting other commodities, such as coal, ethanol, and agricultural 
products? 

Ala. The Energy Information Administration (ElA) is aware of two available public data 

sources that can provide some insight into how crude oil shipments by rail may affect rail 
movements of other commodities. The first data source is information that the Surface 
Transportation Board (STB) began posting on its website in response to Docket EP-724- 
3, starting mid-October 2014, which consists of weekly performance metrics for unit 
trains carrying crude oil, ethanol, coal, and grain as reported by Class 1 railroads. EIA 
has begun to assess this data for its potential in understanding commodity rail 
movements. The second data source is ww w.railroadDm.org . a website maintained by the 
Association of American Railroads since 1999. There, six Class 1 railroads have 
reported data on coal and total train movements. However, EIA has no plans to utilize 
this data because the data are too general; the weekly performance of unit trains carrying 
crude oil and ethanol is not specifically addressed. 

The QER references the effects crude-by-rail is having on the movement of other 
commodities, both energy and non-energy products, at various places throughout the 
document: See, e.g., page 5-2; in a section entitled “Congestion and Competition among 
Commodities,” beginning on p. 5-7; in the “QER Recommendations” at page 5-13; the 
existence of data gaps affecting multiple Shared Transport Infrastructures, at page 5-28; 
and discusses generally at several points throughout Chapter V, 

Qlb. What efforts are currently underway to gather more data and information? 

Alb. EIA, which has recently integrated data on crude-by-rail movements into its Petroleum 
Supply Monthly, intends to investigate the potential for estimating monthly movements 
of other energy commodities by rail, starting with ethanol and propane. EIA will also 
review the potential for collecting/incorporating data on the movement of other biofuels 
and petroleum products by rail. 
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Q Ic. What are the barriers to gathering more data and information? 

Ale. The opportunities to gather more data and information include becoming better educated 
about the availability of data, the quality of data, and the appropriate staffing needs to 
work with the data. In addition, gaining access to data also requires time and effort in 
negotiating with primary data sources to obtain access while protecting confidential 
information. .S taffing is a concern since effort must be placed on understanding large 
data sets, how the data were gathered, the quality and completeness of the data, and the 
development and implementation of appropriate data handling and estimation 
methodologies. In this regard, ElA’s recent data initiatives, including both its monthly 
erude-by-rail data and its monthly drilling productivity report, which tracks production 
and productivity trends in key regions for shale gas and tight oil production using 
multiple data sources and advanced estimation methodologies, have significantly 
increased burdens on ElA’s analytic and statistical staff. 

Collection of relevant data regarding the rail movement of commodities in the United 
States, including energy products, and the effects of crude-by-rail affecting other 
commerce on an already congested rail network, is limited by a number of factors. Many 
of the data-gathering mandates carried out by the various federal agencies with some 
responsibility for transportation infrastructure, including the Federal Railroad 
Administration (FRA), the Pipeline and Hazardous Materials Safety Administration, the 
Surface Transportation Board (STB), the Federal Highway Administration, and the U.S. 
Army Corps of Engineers, were developed by agencies decades ago. As prior 
Congresses and presidential administrations called for various data collection efforts and 
cataloguing, the effects seen in 2015, include data sets with differing time horizons, 
inconsistent product groupings, and unreconciled units of measure. 

Beyond competing policy rationales for government data collection mandates, there is the 
problem of the government not being able to mandate the disclosure of data relevant to 
private business transactions carried out over infrastructures held in private hands. 
Essentially, the nation’s entire rail infrastructure is held in private ownership. The 
nation’s Class I railroads take virtually no state or federal funds for repairs and 
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maintenance of the rail network, or for expansion where business warrants. Federal law 
limits the information railroads must report to the agencies overseeing that industry (the 
STB for commerce and the FRA for safety). The STB, for instance, does not disclose 
any information related to the economic terms of freight movements operating under 
contract, and only provides such information about cargoes transported under published 
tariff rates. 

Selected material is made public or shared W'ith government agencies by individual 
railroads or by the industry’s association (the Association of American Railroads). These 
data tend to be nationwide or regional aggregates, so it is often difficult to pinpoint how 
much of any commodity is moving along particular routes or within individual states. The 
vast majority of the crude moving out of the Bakken, for instance, is carried by two 
railroads, the Union Pacific and the Burlington Northern Santa Fe (BNSF), with the 
BNSF carrying the larger percentage among the two. The BNSF is also the dominant 
railroad for the movement of coal out of the Powder River Basin to the more than 30 
states that get all or most of their coal from the PRB, as well as from the lignite regions of 
North Dakota. Oil from other producing regions, coal from Appalachia and the Illinois 
Basin, and ethanol from various producing regions, also move on a limited number of 
railroads. 

Crude-bv-Rail Safety and Volatility 

Q2a. What specific steps are DOE and DOT doing to better understand crude oil 

characteristics, especially volatility, related to safely transporting crude oil by rail? 

A2a. In order to provide a better understanding of what is known and not known about the 

properties of crude oil, DOE and DOT asked Sandia National Laboratories to perform a 
comprehensive survey of existing, publicly held literature on tight oils (including Bakken 
crude oil). The results of that survey are contained in a March 2015 report entitled 
Literature Survey of Crude Oil Properties Relevant to Handling and Fire Safety in 
Transport. 

The literature survey was only a first step to document the current state of knowledge and 
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to identify questions that warrant further scientific investigation. DOE is currently 
working with DOT on a Sampling, Analysis and Experiment (SAE) Plan to close gaps in 
existing know ledge of tight crude oil properties, and to correlate measured properties 
with combustion potential. 

Q2b. Which oil characteristics will be included in the studies? 

A2b. Samples will be tested/analyzed for vapor pressure at a range of different temperatures and 
vapor-to-liquid (V/L) ratios; chemical composition including “light ends” (C 1 -C 7 , 
nitrogen, carbon dioxide, and hydrogen sulfide); average molecular weight; relative 
density; flashpoint; and parameters that are useful to combustion modeling including 
specific heat, conductivity, and viscosity. 

In addition, combustion experiments will be performed to assess combustion hazards 
associates with tight and conventional crude oils. Dispersion of vaporizing species — 
pertinent to flash fires and explosions — will also be assessed via computational fluid 
dynamics, 

Q2c. What is the timeline for this research? 

A2c. DOE and DOT intend to begin this work as soon as possible. A detailed schedule is still 
under development. 

Q2d. Will interim progress reports and initial findings be released throughout the 
timeframe of the project? 

A2d. Yes. Some valuable information - such as identifying the most appropriate sampling and 
testing methods and some preliminary combustion testing data - will likely be available 
within 9-12 months, and it will be shared as it becomes available. 


Federal Role for Investments 
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Q3a. What are the best ways in which relatively small — but strategic — federal investments in 
next-generation technology and operational methods can help drive private investments 
and solutions into the marketplace? 

Q3b. What are the most important priorities that should be considered? 

A3ab. DOE drives private investment in next generation technologies and operational methods 
through strategic federal investments that catalyze further private sector innovation. This 
includes early stage investment in various energy-related technologies at the RD&D level 
through the DOE basic and applied energy programs, the National Laboratory System, and the 
ARPA-E programs. In addition, the Loan Programs Office supports first-of-a-kind clean and 
innovative technology deployment. The recently released QER recommends a number of 
programs to help drive innovative technology adaption by the private sector, including for 
example, providing grid modernization R&D, analysis, and institutional support. 

The Department examines a number of criteria in evaluating the merits of particular 
programs, including - but not limited to - contribution to (1 ) clean energy; (2) national energy 
security;,(3) resilience; and (4) national economic competitiveness and workforce 
development. In evaluating particular projects and programs, DOE places a high value on the 
level of innovation and potential uptake by the private sector, including the amount of 
leverage that a DOE investment can generate from the private sector. 

State Demonstration Projects 

Q4. What kind of systematic approach is recommended to accelerate driving the 

demonstrated solutions (such as the Pacific Northwest Smart Grid Demonstration Project, 
Avista energy storage demonstration, and microgrid demonstrations) into the market 
place? 

A4. Demonstrations under real-world conditions to establish proven, viable business models 
are necessary to advance new technology solutions from R&D into the market place. The 
Department’s Office of Electricity Delivery and Energy Reliability will continue to 
expand partnerships with local and state governments to bring technology solutions to 
local communities and states, following the examples cited for smart grid and energy 
storage demonstrations. Through the crosscutting Grid Modernization initiative, DOE is 
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developing a pathway for regional grid partnership demonstrations. This work takes into 
account the importance of regional differences (energy resources, electric and market 
operations, policies and regulations, etc.) in market acceptance of technology solutions, 
as seen in the Pacific Northwest Smart Grid Demonstration Project. The FY 2016 
Budget Request supports the beginning of the pathway to identify candidates for regional 
grid partnerships through a request for information. 
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QUESTIONS FROM SENATOR JEFF FLAKE 

Ql. In February, I submitted a question forthe record regarding a case in Arizona, where a 
solar leasing company, Stealth Solar, admitted to illegally marketing services related to 
the installation and leasing of rooftop solar systems. Since then, another company. Going 
Green Solar, entered a consent decree in Arizona admitting to deceptive solar marketing 
practices. Likewise, The Oregonian reported last week on the ongoing investigation into 
the value of the tax credits claimed by SolarCity as part of its Oregon Institute of 
Technology project. With these situations continuing to arise, there are more questions 
than answers about rooftop solar leasing practices and the role the investment tax credit 
plays in the viability of those business models. Can you elaborate on the role DOE could 
play in ensuring that companies who access federal tax incentives for rooftop solar 
systems do not exploit those incentives at the expense of solar customers and taxpayers? 

A 1 . The Department of Energy administers grant and loan programs for renewable energy 

projects, including for solar projects, but does not manage tax incentives. If the issue you 
raised includes federal criminal allegations, the Department of Justice would be best 
positioned to respond. 


Q2. In the QER (pages 3-1 5 to 3- 1 8), your written testimony, and your responses to questions 
from Senators King and Heinrich, you and DOE acknowledge that the proliferation of 
distributed generation, such as rooftop solar, has consequences for existing utility 
business models. As this new technology is adopted, the QER emphasizes the 
"valuation” question, noting that costs and benefits need to be more fully understood, 
including the cost of connectivity (recovery of fixed costs) and benefits, such as 
reliability, that might be achieved through distributed generation. What role, if any, can 
DOE play in addressing the growing need to appropriately value the costs and benefits of 
these new technologies and the fixed costs that remain because much of this technology 
is intermittent requiring the user to maintain a connection to the grid for baseioad 
supplies? 

A2. The QER contains a recommendation titled “value new services and technologies” (p. 3- 
29) that is directly relevant to the “valuation” question. 

The QER describes DOE’s role in developing frameworks to value grid services and 
approaches to incorporate value into grid operations and planning (also on p. 3-29). To 
implement this recommendation, DOE will convene stakeholders to define the 
characteristics of a reliable, affordable, and environmentally sustainable electricity 
system and create approaches for developing pricing mechanisms for those 
characteristics. The frameworks developed through these efforts could be used by the 
Federal Energy Regulatory Commission, state public utility commissions in ratemaking 
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proceedings, Regional Transmission Organizations in their market rule development, 
and/or utilities in the operation and planning of their systems. 

DOE has already begun work on the QER “valuation” recommendation. DOE hosted a 
technical workshop September 30 -October 1, 2014 in Washington, DC to begin 
exploring the “valuation” question around distributed generation. The workshop was 
attended by nearly 50 valuation experts from utilities, consulting firms, state agencies, 
and NGOs, w'ho were asked to identify and discuss the various challenges associated with 
defining and estimating the value of the various categories of impacts. Many of the 
participants offered suggestions about possible next .steps regarding the valuation 
challenge for distributed generation that could usefully be pursued by DOE and/or the 
national labs. DOE is cuixently evaluating next steps after that 2014 workshop, 
particularly given the broader QER “valuation” recommendation. 

Q3. In GAO’s 2012 report on duplicative programs, it identified that there are 94 green 

building programs spanning 1 1 Federal agencies. GAO suggested an evaluation of these 
programs to identify opportunities for consolidation of duplicative efforts. Can you 
explain how the efforts of DOE’s voluntary Uniform Methods Project for Determining 
Energy Efficiency Program Savings and the Energy Information Administration might be 
able to help DOEi as it evaluates the effectiveness and the goals of Federal green building 
programs? 

A3. The Department of Energy (DOE) closely coordinates activities across its offices and 

programs that advance energy efficiency in the nonfederal buildings sector to ensure that 
program activities are complementary, and not duplicative. Each of DOE’s programs 
address different aspects of building energy use, providing a portfolio approach to 
advance building energy efficiency in the United States. For example, DOE’s Building 
Technologies Office supports; high-impact technology research and development for new 
energy efficiency products and solutions; technology-to-market activities to verify and 
improve performance and cost for these new technology products and solutions; and 
efforts to lock in savings where a government role is appropriate, such as through 
appliance standards. DOE’s Office of W'eatherization and Intergovernmental Programs 
partners with its national network of state and local organizations to signi ficantly 
accelerate the deployment of energy efficiency and renewable energy technologies and 
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practices by a wide range of government, community, and business stakeholders, through 
fonnula grants to states for retrofitting residential buildings for low-income households 
or to establish and implement energy efficiency and renewable energy plans, policies and 
programs at the state level. 

DOE also recognizes the need for continued interagency collaboration to ensure agency 
efforts are effective, efficient and avoid duplication. Specific to green buildings, DOE 
also works directly with other agencies to continue to meet its energy goals for the non- 
federal sector. For example, in 2009 DOE and EPA signed a Memorandum of 
Understanding to enhance and expand federal programs, including the ENERGY ST.A.R 
and the National Building Rating Program, to advance energy efficiency which is critical 
to addressing climate change, economic, and energy security issues. The MOU will help 
avoid duplication, ensure effective communication with other Agencies and stakeholders, 
maximize the use of resources, and build upon Agency and stakeholder efforts to date. 

The Department of Energy's Office of Energy Efficiency and Renewable Energy (EERE) 
performs ongoing retum-on-investment tracking and analyses for the technologies it 
supports, which is vital to understanding the impact of program activities. While the 
Uniform Methods Project does assist EERE in developing a set of protocols for 
determining savings from energy efficiency measures, it does not assess program: design 
and implementation. Similarly, while EERE does regularly review and incorporate 
energy data developed by the Energy Information Agency, such as the Annua! Energy 
Outlook, the overall impact and effectiveness of program activities is best ensured by a 
rigorous retum-on-investment review and active project management process. 

DOB remains committed to continuing to work with Congress and other federal agencies 
to meet its energy goals while being a strong steward of taxpayer dollars. 
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QUESTIONS FROM SENATOR DEBBIE STABENOW 

Q 1 . Secretary Moniz, thank you for your leadership in producing this critically important 

report. In particular, I want to commend you and your Department for emphasizing the 
need for programs that will help ensure the next generation has the skills and education 
needed to succeed in advanced manufacturing and the energy fields of the future. 

One of the common themes throughout the Quadrennial Energy Review is the importance 
of collaboration between elected officials, regulators, and stakeholders at the federal, 
regional, state, and local levels. While the report recognizes the need to bridge 
jurisdictional divides to achieve important objectives, specific details and 
recommendations on how to accomplish that goal are relatively scant. What is the 
Department of Energy doing today to foster collaboration on matters pertaining to electric 
transmission, and are there statutory changes that Congress should consider that would 
help the Department enhance the multi-jurisdictional deliberations needed to modernize 
our nation’s grid while maintaining affordable and reliable electricity? 

A1 . There are a number of ways to not only engage stakeholders, but allow active 

participation in grid modernization. Common terminology and understanding of grid 
principles is needed. The Department of Energy's Office of Electricity Deliver)' and 
Energy Reliability (OE) has had success in informing state regulators, energy 
constituents, consumers, and others on grid functionality in partnership with states. 
Credible information and analysis should be available to all, providing independent 
verification of technology options and performance. Basic models for decision makers, 
as requested in the OE budget, would allow state and local entities to study options for 
their special circumstances and choices. Encouraging states to support training for 
students to advance into the energy field will create increased awareness throughout 
communities. Lastly, open access to information and facilitating discussions will 
promote informed decision-making. 

In April of this year, DOE convened a multi-level stakeholder meeting at which several 
regional entities offered to host grid modernization follow-up dialogues. DOE will 
continue to engage state and regional stakeholders to listen, learn, and share views on 
local, .state, and regional issues pertaining to grid modernization. 

Q2. Do you believe that distributed generation and micro-grids can play an important role in 
ensuring reliable and affordable electricity to rural areas of the country, and what role do 
you believe these systems can plan in fostering additional generation from renewable and 
clean energies? 
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A2. Yes, distributed generation and microgrids can play an important role in providing 
reliable and affordable electricity to rural areas of the United States. Grid control 
systems have been developed over several decades using a set of design parameters, 
including dispatchable generation connected to transmission, relatively slow dynamics 
that permitted manual control, no significant grid energy storage, passive loads, one-way 
flow of real power at the distribution level, operation for reliability, and generation- 
following load for balancing. All of these historical design parameters are now being 
stressed to accommodate new grid capabilities, clean energy technologies, and changing 
economics. Many trends have changed the grid control landscape, such as the advent of 
variable generation sources, the penetration of distributed generation, the rise of 
responsive loads (e.g., demand response), grid dynamics that are 100 times faster than in 
the past due to the availability of higb-voltage power electronics combined with the 
behavior of wind and solar power, and the increasing use of endpoints of various kinds 
that have built-in intelligence. 

With the penetration of distributed energy resources, microgrids, and responsive loads, 
the need for improved distribution control is becoming more acute, while sensing and 
measurement at the distribution level are becoming crucial. Most distribution utilities do 
not have the means to determine what kinds of sensors to deploy, where to deploy them, 
and how to best develop the network of sensors. There is also a fundamental need to 
develop less expensive sensors and sensor networks that can be easily deployed. 

The Department’s Grid Modernization initiative is a coordinated program of activities to 
help set the Nation on a cost-effective path to an integrated, secure, and reliable grid 
system that is flexible enough to provide an array of emerging services while remaining 
affordable to consumers. Strategic investments by DOE in foundational technology- 
development, enhanced security capabilities, and greater institutional support and 
stakeholder engagement will provide tools necessary for the evolution to the grid of the 
future. 
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One research focus of the initiative being pursued by the Grid Modernization initiative is 
the development of tools and algorithms such as stochastic representations of solar power 
output, innovative circuit design, development of advanced components, and optimal 
control. Another research focus of the crosscut wilt concentrate on advanced microgrid 
design and testing, as well as grid-side transactive systems. 
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QUESTIONS FROM SENATOR BILL CASSIDY 

QL FYl, Uranium One is the result of a merger between the original Uranium One (South 
Africa) and UrAsia, a Canadian company with shares in Kazakstan. Soon after the 
merger Uranium One bought up companies with US assets. Then, ARMZ (subsidiary of 
Rosatom, which is Russian-owned entity) bought a 17% share in Uranium One and then 
purchased a 5 1 % stake. 

http://www.nvtimes.eom/2015/04/24/us/cash-flowed-to-clinton-fotmdation-as-russians- 
pressed-for-coritrol-of-uraniiim-companv.html? r=0 

What percent of actively mined US uranium resources are controlled by ARMZ in the 
US? 

A1 . Uranium One, owned by ARMZ, operates only one facility in the United States - Willow 
Creek, in Wyoming. We understand the facility’s 2013 production was approximately 
900,000 pounds of U308, a type of natural uranium, but production has since been cut 
back to approximately 600,000 pounds per year. The Uranium One share of U.S. 
production was 1 1 to 12 percent in 2014. 

Q2. Is ARMZ’s market share significant enough to cost should they choose to limit supply? 

A2. Uranium One and ARMZ have combined production of approximately 20 million pounds 
globally. ARMZ’s market share, including Uranium One’s production, is approximately 
13 to 14 percent of global production. Given the global nature of the uranium supply 
business, the diversity of suppliers, and the current level of global supply available, the 
Department does not believe that ARMZ poses substantia! risk of supply and market 
disruptions. 

Q3. Regarding MOX, do you think it is advantageous to meet with the contractor building 
MOX and re-baseline the cost estimates for the report DOE is sending to Congress? 

A3. The Car! Levin and Howard P . ’’Buck' McKeon National Defense Authorization Act for 
Fiscal Year 2015 requires that the Secretary seek to enter into a contract with a Federally 
Funded Research and Development Center to conduct an independent study to assess and 
validate the Department’s analysis with respect to surplus weapon-grade plutonium 
options, and submit that independent study, along with additional information, to 
Congress in 2015. This independent study is underway and will help inform the path 
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forward for the plutonium disposition program. The Department plans to continue to 
work with the contractor for the MOX Fuel Fabrication Facility, as appropriate. 
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QUESTIONS FROM SENATOR AL FRANKEN 

Ql. According to the Quadrennial Energy Review (QER), weather was responsible for half of 
the reported grid outages betw'een 2011 and 2014, but those outages resulted in the vast 
majority of customer interruption hours. And in the future, electric utility customers will 
likely see even more frequent and longer-duration outages as a result of extreme weather 
events, whose frequency and severity are increasing due to climate change. So Fd like 
your opinion on how we can best minimize the impacts of grid outages on American 
households and businesses. For example, storage, distributed generation, and smart grid 
technologies are common components in micro-grids that can enter island-mode during a 
major grid outage. Can you describe how, and the extent to which these technologies 
could help reduce the amount of time that customers are without power during weather- 
related grid disturbance events? 

A1 . Deploying smart grid technologies will substantially help minimize the impacts of grid 

outages on American households and businesses. We saw the important role microgrids 
played in resiliency during Superstorm Sandy in October 2012, when a hospital, 
university, and building facility (South Oaks Hospital in Long Island, New York 
University in NYC, and the Brevoort, an apartment high-rise building in Manhattan) 
equipped with microgrids were able to provide essential power to critical toads during 
week-long grid outages. Other cases are documented in a November 2014 DOE report, 
titled “Smart grid investments improve grid reliability, resilience, and storm responses.”'^ 
Among improvements in utility storm responses, deployment of automated feeder 
switches — a smart grid technology — by Electric Power Board in Chattanooga, Tennessee 
reduced total restoration time by up to 17 hours and prevented power loss or instantly 
restored power to 40,000 customers following a July 2012 storm. And, even having 
smart meters deployed to only 10 percent of customers helped PECO, headquartered in 
Philadelphia, Pennsylvania, reduce service restoration times by two to three days 
following Superstorm Sandy. Other smart grid technologies and practices are being 
transitioned to local and tribal governments for implementation in their communities to 
improve climate preparedness and resiliency of the electricity delivery infrastructure 
(REDI). 

Q2, As a follow-up to my previous question, I want to ask about the economics of investing 
in technologies that will make the grid more resilient to climate change impacts and 

'^hSBtteiaiMaaBS Nowiiloads/smait-arid-investmenls-iniDrove-erid-reliabilitv-resilience-aiid-storm-resDonses- 

november 
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extreme weather. What is the expected benellt-to-cost ratio of investing in energy 
efficiency, smart grid technologies, storage, and distributed generation now, rather than 
after we experience a major grid outage due to an extreme weather event? And how can 
w'e best incentivize such investments, and communicate their benefits to grid operators? 

A2. The Department of Energy is actively working across our program offices, with national 
labs and with the private sector to help answer the important questions that you posed. 

As you may know, these are complicated questions to answer, particularly given the pace 
at which technologies are evolving and the fact that grid system implications of energy 
efficiency, smart grid, storage, and distributed generation resources are often very site- 
specific, These issues are discussed in some detail in Chapter 111 of the QER (beginning 
on Page 3-17), including the following recommendation (Page 3-27): 

“ Value new services and technologies: Ejflcient characterization and valuation of 
services provided to the grid by existing and new technologies is important for 
maintaining reliability and affordability of the rapidly evolving electricity system and 
providing clear price signals to consumers. Existing methods for establishing values and 
rates should appropriately compensate new technologies, with the potential to more 
effectively provide grid services reliably, affordably, and in compliance with 
environmental regulations. The Federal Government can play a role in developing 
frameworks to value grid services and approaches to incorporate value into grid 
operations and planning. 

o DOE .should convene stakeholders to define the characteristics of a reliable, 
affordable, and environmentally .sustainable electricity system and create 
approaches for developing pricing mechanisms for those characteristics, 
o The ability of distinct grid components to provide grid services should he 

evaluated, and options for increasing the viability of components to provide grid 
services should be reviewed--this would allow market operators and regulators 
to have a more complete understanding of the range of technologies and 
strategies that can provide grid services, 
o DOE .should also work with stakeholders to develop a framework(s) for 
identifying attributes of services provided to the grid by electricity .system 
components, as well as approaches to incorporate the valuation of grid service 
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attributes in different regulatory contexts (e.g, pricing or incorporation in 
planning processes). 

o The convening efforts recommended here will build on past DOE workshops on 
the value of storage and distributed energy resources (discussed in Chapter X, 
Analytical and Stakeholder Process). The frameworks developed through this 
process could be used by EERC, state public utility commissions in ratemaking 
proceedings, Regional Transmission Organizations in market rule development, 
or utilities in the operation and planning of systems. " 

doe’s Office of Electricity Delivery & Energy Reliability has ongoing work in the area 
of value-based reliability planning, including the development of the Interruption Cost 
Estimate (ICE) Calculator. This particular tool is designed for electric reliability planners 
at utilities, government organizations or other entities that are interested in estimating 
interruption costs and/or the benefits associated with reliability improvements. 

Finally, on April 30, DOE launched The Partnership for Energy Sector Climate 
Resilience which is an initiative to enhance U.S. energy security by improving the 
resilience of energy infrastructure to extreme weather and climate change impacts. The 
goal is to accelerate investment in technologies, practices, and policies that will enable a 
resilient 2 1 St century energy system. Under this partnership, owners and operators of 
energy assets will develop and pursue strategies to reduce climate and weather-related 
vulnerabilities. Collectively, these partners and DOE will further develop resources, such 
as the ICE Calculator, to facilitate risk-based decision making and pursue cost-effective 
strategies for a more climate-resilient U.S. energy infrastructure. 


“ Read more about the partnership here; 
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QUESTIONS FROM SENATOR SHELLEY CAPITO 

Q1 . Secretary Moniz, as you know, coal and natural gas are extremely important to my home 
state of West Virginia, According to ElA’s outlook for 20 1 5, coal use in a reference case 
grows from 1 8 quadrillion BTU in 2013 to 19 quadrillion BTU in 2040, The outlook also 
stipulates that said reference case does not take the EPA's proposed Clean Power Plan 
into account. 

• Does this report maintain that absent this Administration’s Clean Power Plan, coal 
usage in the US would increase through 2040? 

.Al. In its Annual trnergy Outlook (AEO) reference case projections, Energy Information 
Agency (ElA) does not make assumptions about the adoption of new policies or the 
extension of policies beyond the authorized expiration dates. Therefore, the AEO would 
not account for proposed or extended policies that might directly or indirectly affect coal 
use. The QER modeled a scenario of the impacts that greenhouse gas reductions would 
have on electric transmission, storage and distribution, but it did not model EPA’s 
proposed rules for carbon reductions at existing and new power plants. Likewise, the 
QER does not make projections of coal usage in the U.S., which would require modeling 
a range of factors such as power plant retirement schedules, as well as the heat rates and 
shifts in capacity utilization of individual plants. 

Q2. Mr. Secretary, one of the topics you examined closely during the course of the one 

dozen-plus Quadrennial Energy Review (QER) meetings on infrastructure was pipeline 
infrastructure, specifically natural gas pipelines. In fact, the natural gas producers 
themselves stated that “the expansion of U.S. pipeline systems is critical to ensuring 
ample access of our abundant natural gas supply at stable prices throughout the 
country.”’^ And I would be remiss if 1 did not know the abundant supplies of gas in states 
like my own, West Virginia, which could benefit consumers in the mid-Atlantic 
and northeast regions. 

• Which of the recommendations you set forth in the first installment of the 
QER specifically will help in the mid-Atlantic and northeast states get more 
infrastructure into the ground and how? 


' ® America s Natural Gas Alliance. “Comments of America i Natural Gas Alliance on Quadrennial 
Energy Review: New England Regional Infrastructure Constraints Public Meeting. " Pp. 1- 
2. Available at htin ://anm.iis/media'lestimonv/30AFD264-S056-9F6 9- 
n47777A0C52CA2FB/files./OER%20NE%20Fmal.pdf 
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A2. As noted in the QER, the Northeast region is located at the end of major pipeline routes 
from traditional natural gas producing areas. Its supplies of natural gas have tended to be 
constrained during times of peak demand, which affects the price stability and 
availability for consumers in the region. In light of the challenges building out natural 
gas infrastructure in the Northeast, Mid-Atlantic, and other areas, the QER lays out a 
series of recommendations to facilitate additional upgrades and investments to improve 
the reliability and flexibility of natural gas systems. These recommendations will help 
the mid- Atlantic and Northeast states build out their natural gas infrastructures. 

The QER specifically proposes three recommendations to improve energy system 
resilience that will foster the development of natural gas systems. The QP2R recommends 
!) federal support for the updating and expansion of state energy assurance plans 2) the 
establishment of a competitive program to accelerate pipeline replacement and enhance 
maintenance programs for natural gas distribution systems, and 3) the development of 
comprehensive data, metrics, and an analytical framework for energy infrastructure 
resilience, reliability, safety, and asset security. Taken together, these three 
recommendations will help states assess their infrastructure needs and plan for increase 
natural gas access, provide grants and models for the improvement and further 
development of gas systems, and provide methods for assessing and planning for 
infrastructure improvements. 

Additionally, the QER makes the following three recommendations on system permitting 
and siting. The QER recommends the I ) allocation of resources to key Federal agencies 
involved in the siting, permitting, and review of infrastructure projects, 2) enactment of 
statutory authorities to improve coordination across agencies, and 3) adoption of 
administration proposals to authorize recovery of costs for review of project applications. 
These additional three recommendations will help streamline and improve federal siting 
and permitting processes in order to speed the timeline for project developers looking to 
build natural gas systems. 
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In light of the challenges building out natural gas infrastructures, the QER provides these 
recommendations to facilitate additional upgrades and system investments to improve 
consumer access and price stability within the natural gas system. 


Q3. The Energy Information Administration’s 2015 Top 100 US Oil and Gas Fields report 

released in March of this year notes that the Marcellus - a shale formation very important to 
my home state of West Virginia for obvious reasons - became the number one U.S. gas field 
by estimated proved reserves in 2013. 

The opportunity is clearly massive. In the meantime, there are some very serious regulatory 
threats coming at the industry that could negatively affect natural gas producer’s ability to 
continue their safe and responsible development of natural gas including the new BUM 
hydraulic fracturing rule and the to-be-proposed methane regulations as promised by the 
Obama Administration under 1 11(d). 

• How would you think the implementation of these regulations affect DOE 
projections? 

A3. The Bureau of Land Management (BLM) hydraulic fracturing rule was released in March 
2015, after the Energy Information Administration’s Annual Energy Outlook 2015 analysis 
was completed. However, that rule is not expected to have a major impact on drilling because 
(1) the rule only applies to drilling on federal and American Indian lands and shale plays are 
primarily situated on nonfederal lands; (2) many provisions in the rule are similar to or based 
on current practices and State requirements; and (3) BLM estimates the incremental cost will 
be less than 0.25% of the cost to drill the wells (e.g. less than $12,500 on a $5 million well). 

While the Clean Power Plan that has been proposed by EPA under section 1 1 1 (d) of the Clean 
Air Act to reduce carbon dioxide emissions from existing generating units that use fossil fuels 
will affect the fuel mix for electricity generation, it docs not contain provisions to regulate 
methane emissions released in the production and transport of natural gas. 

Q4. The Quadrennial Energy Review recognizes the vulnerabilities associated with 

transportation of coal - including the failure of coal deliveries to generators which 
negatively impacts their ability to adequately stockpile coal for base load power 
generation. Rather than provide a recommended course of action in the QER, it appears 
the issue is being punted by DOE by recommending to “analyze the grid impacts” of 
delayed coal deliveries. Coal delivery has an immediate impact on reliability and energy 
security. 1 urge the Department to work with the appropriate agencies to ensure this is 
addressed with urgency. 
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Q4a. Would the proposed new program to competitively awarded grants for shared energy 

transport systems also apply to coal export terminals or port expansion for the export of 
coal? 

A4a. In drafting the QER, the interagency task force intended to not only make 

recommendations where they were warranted and supported by the available data, but 
also to bring attention to insights and findings relevant to energy transmission, storage 
and distribution infrastructure arrived at by analysts from all the relevant agencies. Some 
of the findings and insights mentioned in the document, include those surrounding rail 
transportation of energy commodities, such as coal movements to electric generation 
units, referenced in the “Findings in Brief’ on page 5-2, and discussed more extensively 
on pages 5-3, 5-7 - 5-1 1, are part of a much broader and longstanding policy debate 
involving all the commodities in the stream of commerce, railroads and their customers, 
as well as the activities and jurisdiction of multiple federal agencies and multiple 
committees of Congress. 

The recommendation about a competitive grant program for landside port facilities and 
connectors was inspired in part by a review of ports handling the broad array of energy 
commodities. This included coal export terminals and multiple commodity terminals, 
which are discussed at page 5-23 (see also endnotes 88-93 in Chapter V). 

Q4b. What is the timeline for the Interagency Infrastructure Permitting Improvement Team 
(DOT) to develop the Policy for Coordinated Review of infrastructure project 
applications? Are the needs and challenges for building or modifying coal generation 
systems being considered in the development of this process? 

A4b. Congress did not fund the Department of Transportation's FY 2015 Budget Request for 
the establishment of an Interagency Infrastructure Permitting Improvement Center, which 
was tasked with developing and overseeing implementation of the policy for coordinated 
project reviews; consequently, the policy has not yet been issued and piloted. Currently, 
conventional energy generation projects— including coal power generation systems — are 
not explicitly covered under the Administration’s infrastructure permitting reform efforts. 
However, many of the policy improvements being developed and implemented through 
these efforts will indirectly provide benefits and efficiencies to all permitting processes 
for major energy infrastructure projects. 
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QUESTIONS FROM SENATOR JOE MANCHIN 

Q1 , The QER (page 3-6) indicates that: “An accelerated nuclear retirement case looked at the 
effect of the rapid loss ofhaseload capacity and is discussed in depth in Appendix C. The 
Quadrennial Energy Review focused on these cases as most likely to “stress " the 
transmission system, as they would produce significant changes in the electricity sector, 
and thus large potential changes in transmission needs. ’’ Although Appendix C is not 
yet published for review, a concern for states like West Virginia, with no nuclear 
generation, is that a more appropriate “stress” evaluation would be derived from review 
of the accelerated coal retirement case. In the Annual Energy Outlook 2014, the 
accelerated coal retirement case anticipated 40 GW of additional retirements of coal 
generation (90 GW total) by 2020, representing a much more rapid and concerning near- 
term loss of baseioad capacity. Can stress evaluation modeling be reapplied with the 
accelerated coal retirement case considered? If so, will you publish a supplementary 
summary of results? 

A1 . While the QER analysis did not evaluate the Annual Energy Outlook 2014 accelerated 

coal retirement case, it did include a case wdth a cap on greenhouse gas (GHG) emissions 
(as described in Chapter I, page 1-22), Under the GUG cap scenario, about 52 gigawatts 
(GW) of coal capacity is projected to be retired by 2020, similar to the base case, and an 
additional 130 GW is projected to be retired between 2020 and 2030. Results from the 
analysis indicated that under this scenario, transmission needs from now to 2030 would 
not be significantly different than under the base case, due in part to energy efficiency 
improvements and natural gas replacing coal. 

Q2. ElA has recently announced their intention to release an analysis of the EPA’s Clean 

Power Plan by May 2015. Due to the relevance and significant impact of this near-term 
regulation on the energy mix for power generation, can the QER’s stress evaluation 
modeling for transmission, storage and distribution (TS&D) be reapplied using the results 
of EIA’s Clean Power Plan analysis, with a supplementary summary of results publi,shed? 

A2. The QER analysis did not model the EPA’s Clean Power Plan, the details of which are 
currently at the proposal stage. However, electricity transmission modeling included a 
greenhouse gas (GHG) reduction case. Also, a separate QER analysis examined the 
potential effect of an illustrative climate policy on natural gas transmission needs. Both 
studies found that a climate policy would not require additional build-out of electricity 
and gas transmission infrastructure beyond recent historical rates of construction. 
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At this time, DOE does not intend to model specific Clean Power Plan scenarios using 
the QER analysis frame work, due to fact that QER modeling already included roughly 
comparable scenarios, as described above. 

Similarly, a recent DOE study for this QER (entitled “Natural Gas Infrastructure 
Implications of Increased Demand from the Electric Power Sector”) on the adequacy of 
the national natural gas transmission system to accommodate increased demand for 
natural gas concluded that incremental interstate natural gas pipeline infrastructure needs, 
even in a future that includes a national carbon policy, are projected to be modest. While 
a future carbon policy may significantly increase natural gas demand from the electric 
power sector, the projected incremental increase in natural gas pipeline capacity additions 
is modest relative to the reference case used in the analysis, which is based on projections 
from the 2014 AEO. The rate of pipeline capacity expansion in the scenarios considered 
by the analysis is lower than the rate of natural gas pipeline capacity expansion that has 
historically taken place (Chapter II, Pages 2-24 and 2-25). Analysis for this study 
assumed coal plant retirements at levels that exceed retirement scenarios used for the 
AEO 2014 by 69 GW. 


Q3. The analysis of requirements for CO 2 pipelines in the QER report is focused primarily on 
the useful application of the CO 2 in the Enhanced Oil Recovery (EOR) industry. The 
application of such Carbon Capture Utilization and Storage (CCUS) technology is likely 
to be the most common approach to early CO 2 mitigation by coal-fired power plants, due 
to the economic value of the CO 2 in EOR, partly offtetting the costs of capture, 
transmission and storage. The June 2012, National Coal Council Report “Harnessing 
Coal's Carbon Content to Advance the Economy, Environment, and Energy Security” 
envisioned a major CO 2 pipeline from the coal-intensive power generation states of the 
Ohio River Valley to regions of the U.S. with high EOR potential, such as the Permian 
Basin. While pursuing the QER objective of expanding Federal efforts to work with state 
and local governments on CO 2 pipeline planning and incentives, will attention be given to 
potential for large scale interstate transport of CO 2 from coal-intensive power generation 
regions, such as the Ohio River Valley, to major regions of EOR production potential? 

A3. Existing C02 pipeline infrastructure in the U.S. is currently comprised of a number of 

regional networks that are designed to connect EOR production basins with near-by C02 
sources. State laws and regulations within these regions have enabled the construction of 
C02 pipeline networks. As noted in the QER (Page 7-25), one of the challenges to 
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establishing new regional networks in places like the Midwest - or building long-distance 
interstate transport of C02 from the Midwest to EOR production basins in other regions - 
is the lack of appropriate regulations, incentives or other policies within the states that do 
not currently have C02 pipelines or active EOR production basins. 

Therefore, as noted in the QER (Page 7-26), it is DOE’s intention “to promote 
communication, coordination, and sharing of lessons learned and best practices among 
states that are already involved in siting and regulating C02 pipelines, or that may have 
C02 pipeline projects proposed within their borders in the future.” While W'e will work 
w'ith ail interested states, the Midwest is certainly a primary area of interest for 
collaboration and we look forward to working with you, other members of Congress, and 
regional stakeholders to promote best practices for siting and regulating C02 pipelines 
throughout the U.S. 


One additional note is that one QER recommendation (Page 7-26) also echoes the 
President’s FY 2016 Budget proposal for Carbon Dioxide Investment and Sequestration 
Tax Credits. The Carbon Dioxide Investment Tax Credit proposed in the President’s 
Budget would authorize $2 billion in refundable investment tax credits for carbon capture 
technology and associated infrastructure (including pipelines) installed at new or 
retrofitted electric generating units that capture and permanently “sequester” C02. 


Q4. With the rapid development of unconventional oil and natural gas in the Marceilus and 
Utica production regions, an opportunity has formed for use of the natural gas liquids 
production in new, higher economic value, local industries. The opportunity cannot be 
effectively pursued without the transport systems and storage capacity which are not 
currently available to support such local use. The QER appears to primarily anticipate 
the export of these resources and considers the resultant domestic residential heating 
demand impacts, in the case of propane. Can the QER process also analyze the fS&D 
requirements for local use of natural gas liquids in new industries, to maximize the 
opportunity for high-paying job creation within the producing regions that are the source 
of these resources? 

A4. The Department prepared a number of supporting analyses for the QER and considered a 
broad range of topics, including the potential for aggressive expansions in Natural Gas 
Liquids (NGLs) supply, demand, and connecting infrastructure relevant for the 2030 time 
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horizon. Our analyses considered growth scenarios for NGL use as a feedstock in the 
petrochemical or consumer good production industries, for export via pipeline to Canada 
or Mexico, and for export via waterborne terminals (currently Marcus Hook and Houston 
Ship Channel). Our results identified continued, ongoing private sector investments to 
take advantage of these very economic opportunities for new industrial development that 
could result in high-paying job creation. Third party forecasts suggest that these 
investment trends will continue in order to take advantage of favorable pricing of NGLs 
relative to other petrochemical feedstocks and in international markets, resulting in 
continued economic benefits to the nation and these regions. In the case of ethane 
specifically, the significant increase in ethane supply in these regions means that the 
proposed, local ethane demand can be met while ethane also is exported to international 
markets (either directly or after conversion to intermediate or end products)."’ The 
availability of low-priced and abundant natural gas liquids also will impact many other 
chemicals beyond ethylene and polyethylene. It is expected that many downstream 
intermediate and end-product chemical supply chains (including alkenes, alcohols, 
polymers, resins, and fertilizers) will experience complicated cost effects due to changes 
in natural gas liquids price and supply. 


“ Fasullo, P. and K.V. Hull, “US Hydrocarbon Exports — Part 2: NGLs.” En+Vantage Inc. and RBN 
Energy, LLC. October 17, 2014, 

" DeRosa, S. and D. Allen. “Impact of Natural Gas and Natural Gas Liquids Supplies on the United 
States Chemical Manufacturing Industry; Production Cost Effects and Identification of Bottleneck 
Intermediates.” ACS Sustainable Chemistry & Engineering. January 30, 2015. 
http://pubs.acs.org/dQi/full/10.102i/scS00649k . Accessed January 2015. 
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QUESTIONS FROM SENATOR MAZIE HIRONO 

Q 1 . The Department of Defense is the largest user of energy in the federal government. On 
page 7 of your testimony, you note that the Department of Energy and the Department of 
Defense should continue activities to research and develop biofuels that are compatible 
with existing petroleum fuel infrastructure, especially in aviation and large vehicles. Can 
you elaborate on this important collaboration, including explaining what the collaboration 
has accomplished and explain the next generation of research and development projects 
on which you think the departments should focus their efforts? 

A2, With Congress’ support, the Department of Energy (DOE) received the authority in FY 
2014 and FY 2015 to support Defense Production Act (DPA) activities to accelerate the 
development of cost-competitive advanced alternative fuels for both the military and 
commercial transportation sectors. DOE contributed $45 million in FY 2014 and $45 
million in FY 2015 toward its commitment to these efforts. 

DOE continues to support the DPA memorandum of understanding (MOU) that DOE and 
the Departments of Agriculture (USDA) and Defense (DOD) signed in ,Iune 2011. 
Through the MOU, DOE is developing advanced "drop-in" biofuels, which take 
advantage of existing infrastructure by providing bio-based substitutes for diesel fuel, and 
jet fuel. This initiative will drive down the technical and logistical risks through the 
production and potential use of significant volumes of biofuels. Research and investment 
in drop-in fuels supports Department of Energy’s Office of Energy Efficiency and 
Renewable Energy’s (HERE) mission to catalyze a domestic capability to produce cost- 
competitive renewable fuels from non-tood biomass resources. 

The partnership with DOD and USDA represents a strong alliance in the development of 
biofuels for the military. The Navy represents a significant early market adopter for 
biofuels, and the commercialization of drop-in biofuels that meet military specifications 
(.IP-5, JP-8, F-76) will make a large impact on the Nation’s energy security. In addition 
to strengthening our national security by helping our military avoid oil supply 
vulnerabilities and rising fuel cost volatility, the civil aviation, maritime, trucking, and 
rail sectors could substantially benefit from developing these drop-in biofuels, making 
DOE’S biofuel conversion technology expertise and execution on integration of 
biorefineries’ partnerships with industry even more critical. 
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In September 2014 it was announced that the DOD DPA Title 10 office had selected 
three projects to proceed to a Phase 2 award for construction of commercial scale biofuel 
refineries. 

• Emerald Biofuels will build a refinery on the Gulf coast that uses waste fats 
and greases; 

• Fulcrum BioEnergy will build a refinery in McCarran, Nevada that utilizes 
municipal solid waste; and 

• Red Rock Biofuels will build a refinery in Lakeview, Oregon that processes 
woody biomass. 

EERE’s Bioenergy Technologies Office (BETO) anticipates that projects will start to 
produce fuel in 2018. 

Additionally, the DOE coordinates with the DOD on many energy-related issues, 
including microgrids R&D, grid-level energy storage systems, vehicle R&D, 
manufacturing institutes, energy-water research, wave energy demonstration projects, and 
solar veteran’s projects, among others. In July 2010, the DOE and DOD signed a MOU 
concerning cooperation in a strategic partnership to enhance energy security. The MOU 
was implemented to identify a framework for cooperation and partnership to strengthen 
coordination of efforts to enhance nation energy security, and demonstrate federal 
government leadership in transitioning America to a low carbon economy. 

Q2. In 2008, with the advice and support of the Department of Energy, Hawaii established the 
Hawaii Clean Energy Initiative, requiring a 30 percent improvement in energy efficiency 
by 2030. According to the Hawaii State Energy Office, the standard has resulted in the 
equivalent of $405 million in energy savings for Hawaii’s homes, farms, and businesses. 
Do you support having a national energy efficiency standard? If not, why not? If so, 
would such a standard spur private sector research and development on energy 
efficiency? 

A2. Energy efficiency is a large, low-cost, and underutilized U.S. energy resource. Increased 
energy efficiency offers savings on energy bills, opportunities for more jobs, improved 
industrial competiveness, and lower air and carbon pollution. A number of states that 
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have established energy efficiency standards have been able to achieve significant energy 
savings, demonstrating that these standards can be an effective mechanism for states to 
consider when developing efficiency policies. The Department of Energy broadly 
supports the goals of increased energy efficiency across the Nation through its portfolio 
of energy efficiency technology programs. 
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